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ABSTRACT
The proximate objective of this study is to explore 
the power and limitations of linear programming as an 
analytical guide in the approach to agricultural policy 
formulation. We postulate that the role of farm policy is 
to change opportunities open to farmers in ways which 
induce desired changes in their behaviour. Further we 
postulate, tentatively, that farmer behaviour is governed 
by material constraints on their production and exchange 
possibilities and that changes in these constraints will 
be followed by changes in farmer behaviour* Agricultural 
policy can affect choices particularly by affecting market 
opportunities, resource availabilities and the availability 
of knowledge of new technologies. By assessing the 
consequences of such policies for the alternatives open 
to farmers it is argued that it is possible to improve 
the basis for policy decision making. To predict farmers’ 
behaviour it is important that their choice boundaries and 
production/exchange opportunities be correctly identified.
We develop the concept of the farmers’ decision making 
environment as the context in which these choice boundaries 
must be defined. We articulate this concept, and the 
approach to the definition of choice boundaries, by applying 
it to a case study farmer in the Syrian village of Khaldeyeh, 
Having thus defined the farmer's choice boundaries we examine 
the farmer’s present behaviour to determine whether it is
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consistent with our postulate that it is constrained by 
present opportunity and we find that it is. The nature 
and adequacy of consistency tests .for this purpose present 
problems which are the subject of a prior discussion.
Supported by our conclusions with regard to the 
validity of our approach to this point the analysis 
proceeds to explore the implications of a variety of 
policy measures for the farmer’s production and exchange 
opportunities. ¥e conclude on the relative significance 
of these possible measures for the production and exchange 
behaviour of our case study farmer.
But for policy making the implications of alternative 
measures need to be generalized beyond the individual case 
study and the problems of such generalizations are thus 
also explored. Our approach looks at the problem of general 
izing at the village level and uses a classification of 
village farmers according to the proportionality of their 
resource availabilities. The analysis of the implications 
of specific proposed policies reveals, especially, the 
expectation of an excess demand for labour. The discussion 
of generalization at the village level therefore focuses 
upon the problem of predicting the general equilibrium of 
farming output patterns and resource demands as this is 
governed by the workings of the labour market and by the 
process of innovation and adaptation in IChaldeyeh. Both
A
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of these are seen to be related to social characteristics 
of Khaldeyeh village which were not quantitatively invest­
igated during the field work period and whose investigation 
would in any case have required competence outside the 
discipline of economics. Our model is therefore shown 
to be unable to predict the general equilibrium of the 
village. Our analysis concludes with an evaluation of 
linear programming in the context of this study.
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CHAPTER ONE 
FRAMEWORK OF THE STUDY
1.1 Objectives of Study
1.1.1. This study takes as its point of departure the premise 
that an understanding of factors governing farmer behaviour 
is necessary for the formulation of relevant and effective 
agricultural policy*
1.1.2. The immediate concern is the exploration of the value
and limitations of Linear Programming (LP) as a paradigm for 
the understanding of farmer behaviour and hence as a basis 
for agricultural policy formulation. We postulate that 
farmer behaviour is governed by physical constraints and 
exchange opportunities and that changes in such constraints 
or opportunities will be followed by changes in behaviour. 
Agricultural j>olicies can affect these opportunities and 
we fui'ther postulate that by assessing the consequences of 
policies for the alternatives open to farmers it is possible 
to predict their likely behaviour.
1.1.3* The focus of our study is, therefore, on the analysis
of farmer behaviour in relation to choices feasible to him. 
We start with the postulate that the farmer is a profit 
maximiser, and that there is a sufficient body of evidence 
to suggest that this is at least a plausible working
- 23 -
hypothesis•1
/
Figure 1. Illustrating Possible Positions of a Farmer 
in the Feasible Region*
Wheat Criterion
Lentils
1 • 1 • 4 • Figure 1 illustrates the choice boundary facing a
farmer at a point in time and a notional preference function 
or maximising criterion. Let us suppose that point A shows 
the pattern of crop output and resource allocation observed 
for our notional farmer. Point A is clearly not on the 
constraint boundary but if a farmer were observed in such 
a situation the following might constitute possible explan- 
ations^:
1. K.J. Arrow, "Utilities, Attitudes, Choices: A Review
Note," Econometrica, XXVI, No. 1 (1958)i pp.1-23.
We do not wish to imply that farmers decisions are solely 
motivated by profit. "The question is not whether the firms 
of the real world will really maximize money profits, or 
whether they even strive to maximize their money profits, but 
rather whether the assumption that this is the objective of 
the theoretical firms in the artificial world of our construction 
will lead to conclusions - "inferred outcomes" - very different 
from those derived from admittedly more realistic assLimptions." 
See F. Machlup, "Theories of the Firm: Marginalist, Behavioural,
Managerial," American Economic Review, LVII, No. 1 (1967)»
pp.14-15.
2. For the purpose of discussing the logic of the argument we 
assume that activities and constraints have been correctly 
identified and coefficients correctly measured. We should
in practice need to bear in mind the possible explanation 
that this was not so.
(a) The possibility of doing better is not 
perceived•
(b) Where the opportunity is adequately perceived 
the farmer may be in a transitional state.
Even though he has not reached point B he is 
tending towards it. If, with Penrose, we 
accept the observation of a learning process 
in which slack capacity is gradually utilized 
resulting in growth, it is reasonable to 
accept also gradual utilization of slack 
capacity resulting simply in short term
e quilibr ium,^
(c) Other unidentified constraints may dominate the 
resource and exchange constraints e.g. social 
constraints.
(d) One or more attributes of the opportunity
itself in relation to a given goal preclude
2the approach to the bound e.g. risk factors.
(e) Managerial ability may be inadequate for the
full exploitation of the opportunities of 
the situation.
1. E.T. Penrose, The Theory of the Groxrfch of the Firm, 
(Oxford: Blackwell, 1959)* For a review of literature on 
the growth of the agricultural firm see, Ulf Renborg, 
"Growth of the Agricultural Firm: Problems and Theories," 
Review of Marketing and Agricultural Economics, XXXVIII,
No. 2, (1970).
2. Alternatively, this may be represented as a redefinition 
of the bound e.g. in the form of a band, rather than a line, 
with different probabilities attached to different layers 
within the band.
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It is conceivable that more than one of* these considerations 
will play a part in any explanation* For our purpose, what 
matters is that ignorance, habit, social observance, and 
uncertainty should not be so inhibitive that changes in 
production and exchange possibilities fail to induce 
significant movement in the direction of the constraint 
boundary. Moreover, it is important, when we choose 
between policy alternatives, that we are able to distinguish 
between these alternatives in terms of the responses they 
are likely to involve.
1.1.5* Studying the location of a farmer in relation to his
possibility boundary seems to be necessary to understanding 
why he behaves the way he does, which is in turn necessary 
to identifying policies likely to induce desired changes 
in his behaviour#’*' It might be necessary to use policy 
measures, not only to change the production and exchange 
possibilities open to farmers but also to improve their 
perception of the opportunities, to help them adapt to 
new opportunities, to reduce the uncertainties inhibiting 
their acceptance of the new opportunities and even, 
conceivably, to persuade them to find the new possibilities 
desirable.
1. In some situations, the non-acceptance of feasible 
activity patterns may be readily discerned without elaborate 
analysis. In such cases, explanations of observed behaviour 
too are likely to be readily apparent e.g. where pork prod­
uction might be a profitable but an unthinkable lfopportunity'1 
for Muslim farmers.
-  2,6 -
1.1.6 , Farmers may, in practice, be at the boundary of their
possibilities. Empirical studies have shown that it is
not uncommon in Farming situations for there to be a wide
range of patterns of production and resource allocation,
the profitability of which is not greatly different from
1the maximum feasible. Farmers may be found in suboptimal 
situations (points C and D - Figure 1), through minor 
miscalculation, personal preferences for particular 
activities or inertia governing their route to the 
constraints boundary. None of these observations, however, 
would appear to detract from the expectation that a study 
of constraints boundaries and the ways in which policies 
might relieve them would be relevant and productive in 
the identification of policies that would induce changes 
in farmers 1 behaviour*
1.1.7. Schultz has argued that "transformation of traditional
agriculture” lies in the supply of new resources, techniques,
and products recognised by farmers to offer high rates of 
2return. Schultz emphasises the significance of research, 
extension and the promotion of input supplies as being of 
particular importance in agricultural development strategy.
1. U. Renborg, Studies On the Planning Environment of the 
Agricultura1 _Firm, (Uppsala: Almqvist and ¥ iksells 
Boktrycheri, 19^2)•
2. T.W. Schultz, Transforming Traditional Agriculture,
(New Haven and London: Yale University PresT^ 1964)*
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We would agree with Schulte's emphasis on the creation of 
new farming opportunities and argue that one important 
apxaroach to this is the analysis of the constraints on 
farming situations and the potential increases in product­
ivity consequent on their release.^ While these questions 
need first to be asked in a micro-economic context, they 
must be followed by an analysis of policy alternatives 
and subseqtiently by an analysis of the general equilibrium 
implications of alternative policies,
1,1.8* Our proximate objective is to explore the power and
limitations of LP as a tool for the formulation of 
agricultural policies. We postulate that behaviour is 
constrained and that a change in constraints and exchange 
opportunities will be followed by a change in behaviour*
Our area of concern is the analysis of factors governing 
behaviour at the micro level. We believe that such 
analysis would allow investigations of the consequences 
of alternative policies. Since policies can affect 
choices open to farmers it is possible to predict 
potential farmer behaviour which in turn can aid in the 
formulation of relevant and effective agricultural policy.
1. See L. Joy, "Diagnosis, Prediction and Policy Formulation'1 
in Subsistence Agriculture and Economic Development (ed.) 
Clifton R. Wharton, (Chicago: Aid ine, 1989)*
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1.2 Outline of Analytical Procedure
This study proceeds through several stages of analysis 
which can be schematically presented thus:
Mapping Reality LP as an Analogue—  —  -^Validation- - «f»
Paradigm Inf er enceDecision Making 
Env ironraent (DME)
Generalization
1
Qualifications
Effective economic analysis requires a theoretical construct 
to focus attention on and specify how a class of facts 
should be interpreted to explain the working of social 
phenomena. When theoretical constructs are accepted (proven 
workability) by their practioners they are elevated to what 
Khun calls a paradigm"*'. We maintain that LP enjoys the 
status of a paradigm. We wish to articulate LP at the micro­
level to demonstrate its potential contribution to policy 
making. To do this we need to show that the observed 
situation can be effectively analysed by the paradigm.
Thus, we hypothesize that our observed farming situation 
can be represented by an analytical analogue which in turn 
corresponds with the paradigm. Now, the inferences that 
can be drawn for purposes of policy making depend on the 
validity and range of the conclusions. The principal
1. T.S. ICuhn, The Structure of Scientific Revolution,(Chicago 
University of Chicago Press, 1970)•
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criterion of the validity of the paradigm is taken to 
be its predictive capacity* It will be argued that in 
the absence of a rigorous "test", validation has to foe 
attempted by inductive reasoning. On the other hand, the 
ability to generalise depends upon the similarity among 
factor's governing potential r’esjoonses of different farmers. 
Our farming situation is of a stable core type which leads 
us to hypothesize the existence of a master decision making 
environment (DME), Therefore, the extent of differences 
in responses may be, to a large extent, explicable by the 
variability of resource structures. Thus, the universe of 
farmers was classified in terms of land/labour ratios and 
X3olicies were investigated with respect to their differing 
impact on different farm classes. General equilibrium 
effects were shown likely to be particularly significant 
with regard to labour use and procedures for taking account 
of these were examined in Chapter Six.
1.2.1. Mapping Reality
1.2.1.1. Formal Presentation
1.2.1.1.1. The hypothesis that farmer behaviour is constrained
seems to labour the obvious until we proceed to identify
the dimensions of the constraints; how is behaviour
1. Generalising about farmers responses is not the same 
however as predicting the aggregate outcome. For this, 
general equilibrium effects have also to be accounted for 
(See Chapter Six).
2. See later discussion on the concepts of stable core and 
DME (1.2.4-.).
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constrained? It becomes relevant if the nature of ident­
ification of constraints allows inferences to be drawn 
for policy making. Thus, we need to ask how useful is 
the identification of constraints for the intended purpose*
1,2.1,1*2, The present study attempts to define the constraints 
governing behaviour in a particular situation so that we 
can later explore the value of this as a diagnostic 
approach for policy making,
1,2,1.1.3* Figure 2 depicts our analytical schema of a farming 
situation. In this schema the components of the farming 
situation are viewed in terms of a system. We postulate 
that the components can only be seen in relation to one 
another in terms of their relation within the total system. 
Attempts to define relationships between components except
in the context of the system as a whole are gegarded as
* 1inotentially dangerous, Tims in Figure 2, point A is
defined if it can be assumed to take a value in a system 
whose dimensions are a,b,c and d. This value cannot be
inferred from direct relations such as a  ^b, b  ►‘C ,
c  ►d, a  ►d,
3.. Two other differences may be worth noting. First, even 
though a dimensional domain is necessary to establish and 
arrange objects for both relations and systems, in a relation 
it is merely a disjunction of the relata, whereas in a system 
the domain not only separates the members but participates 
in the formation of the system. In a relation the domain 
itself does not participate in the relationship. Second, to 
specify a relation we need an attribute in terms of which 
the relata are said to be connected. In general, objects 
are I'elated to each other on the basis of identity, similar­
ity, or diversity; these in turn are based on inherent 
attributes. In a system an object is defined by its 
XDOsitional value without reference to attributes.
See, A. Angyal, "A Logic of Systems,” in Systems Thinking, 
(ed.) F. S. Emery, (London, Penguin Books Ltd., 1 9 7 1 )pp*17-29•
31
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1.2.1,1.(t. These differences have implications for all the
stages of analysis. It would clarify our exposition by 
adopting set notations to define our system of farming.
We postulate the following:
1. Let A (decision making environment) be a set 
composed of a finite number of dimensions
 ^ (a to d are sub-sets of A).
2. Let F be a set of the universe of farmers i.e.
F = ( ,  ... , *
3. The DME is defined by the distribution of F on A.
4. A DME may take different forms. A form is a
1union of dimensions. The number of forms 
depends on the number of possible unions. In our 
case we may have the following different forms:
A = au b 
A = aUbUc 
A = aubUcud
5. The medium through which a form is expressed 
will be called its content.
6 . Two or more contents may have the same form
because they enter into the same relations.
7. A content is defined .as the intersection of
dimensions that define a form. Let the content 
of A be A*.
1. Each dimension is a distribution whose exact form (continuous, 
probabilistic etc.) though not known is knowable. Suppose two 
dimensions are distributed probabilistically in two sub-spaces. 
The distribution of the joint probability distributions of the 
two dimensions would define a space (form) along which fartners 
can be distributed.
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8. Hence, assuming two dimensions, the system of 
farming is dei>icted in Figure 3*
1.2.1.1.5* In formulating siich systems the most important
consideration is that all relevant components should be 
included and correctly specified. Irrelevant components 
are by definition those which have no effect upon the 
outcome. The important question to ask is whether or 
not the content includes all relevant determinants of 
behaviour•
1.2.1.1.6. Our analogue is an idealization of observed situations 
of farmers in IChaldeyeh. The point that emerges is the 
necessity to look at factors governing behaviour in the 
context of a system whose components define the DME. The 
relevant components on which analysis must bear depend on 
the nature of the problem posed and on whether the tool of 
analysis can effectively diagnose these components. The 
interest of this study is in the contribution of LP in 
analyzing the factors that govern behaviour of farmers with 
respect to their product mix and resource use. It is 
recognized that ex ante plans could differ from ex post 
behaviour because of managerial inefficiencies and stochastic 
elements. Both considerations in the context of our situations 
seem not to affect the logic of our analogue or the practic­
ability of using LP.
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1*2*1.2. Observed Situation
1 .2.1 .2.1 . Xt will be seen that behaviour could differ from 
ex ante plans both through inefficiencies of execution 
and because planning assumptions including perception of 
DME prove, in the event, not to be valid. In our present­
ation these departures from expectations are regarded as 
stochastic events requiring plan revision. Thus, it is 
assumed that the data necessary for planning are properly 
estimated except in the case of those data which are 
uncertain and subject to variation, e.g. rainfall. The 
linear programming model we are using does not allow for 
such stochastic events. Its predictions of optimising 
behaviour will differ from observed behaviour where planning 
data does not correspond with the actual value of the 
stochastic variables. In our case study situation the 
most significant stochastic variable was rainfall. A drought 
was expected once in every three to six years. However, 
in a drought year, margins of unirrigated crops, while 
greatly reduced, remained in approximately the same proport­
ions. Moreover, farmers were unable to respond to drought 
by modifying their plan.'*" By the time the drought was 
experienced, resources were fully committed among activities. 
In this situation weather uncertainty did not affect the 
balance of cropping activities in the initial plans, nor
1. The only exception is the planting of watermelon for 
household consumption. At the end of the rainy season a 
farmer usually sows a small area if the soil, in his 
judgment, has stored enough moisture.
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did the occurrence of.' drought lead to their revision.
The difxex'ences in outcome were to be observed in yields 
and retxirns rather than in resource allocation patterns 
(See 2 .4.2.5 • ) ,
1.2.1.2.2, With regard to management efficiency, we assume that 
farmers have a fair appreciation of their own managerial 
efficiencies and that these would be taken into account 
in the course of planning. Our ora models did, to some 
extent, take account of managerial efficiency by consider­
ing resource productivities, timings of operations and 
so on. Assumptions about managerial aspects were drawn 
from farmers' own expectations and performances. However, 
management efficiency might considerably affect the ways 
in which farm plans become adapted throughout the year 
in response to weather and other unpredictable events, 
so that differences be tire en plans and outcomes might 
vary significantly. We have no measure, within the 
analysis that we have undertaken, of this capacity to 
adapt and we must assume that it is not a significant 
issue if the log-ic of our argument is to remain valid.
1.2.1.2.3* The linear programming formulation representing the 
farmer's choice situation is based on his behaviour and 
expectations. The LP model is then used to provide points 
on the possibility boundary in the optimal region. The 
next stage in our analysis is to compare the behaviour of
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the farmer with the behaviour implied by our asstimptions, 
to be both feasible and optimal. Disparities between 
observed and optimal behaviour are then analysed (See 
Chapter Five).
X * 2! * ^  • Application of the LP Analogue
1.2.2.1. The LP matrix consists of a system of simultaneous 
linear equations. The value of each of the variables in 
such systems is conditional on the values of all the 
coefficients. If we consider the coefficients as the 
environment (Dimensions = Components), and the values to
be assigned to the variables as outcome, a correct solution 
necessitates that in arriving at any part of the solution, 
all the environment must be considered. The important 
xooint to grasp is that there are no explicit relations 
among the variables i.e. the components are not explicitly 
connected. The same logic applies to LP models which in 
turn corresponds with our analogue.
1.2.2.2. LP models and their derivatives - henceforth mathe­
matical programming (MP) - have been applied extensively 
during the last two decades to a wide range of problems. 
With regard to the theory of the firm, PIP provided the 
framework for transforming it from one in the calculus to 
one in the field of constrained maxima. MP allowed the 
handling of the multi-product firm; this was not possible 
with the classical continuous functions which restricted
- 38 ~
empirical application. Nevertheless, the postulates of 
marginal analysis are reflected and can he wholly retained 
within MP,
1.2.2.3* We believe that MP enjoys the status of what T.S. Kuhn
1calls a paradigm. In particular, the application of MP to 
the agricultural firm exhibits the three features of a 
paradigm. First, is the ability of the paradigm to show 
the class of facts that are important in solving laroblems; 
attention is then focused on the analysis of these facts 
under varying circumstances. In any micro LP model the 
fixed resources of the farmer constitute such a class of 
facts. In our case, we tried to define these constraints 
because we have accepted the point of view of a particular 
paradigm. Second, is the ability of the paradigm to improve 
the agreement between observed facts and predictions, or to 
find new areas where such agreement could be demonstrated. 
Are farmers profit maximizers? Do they allocate their 
resources efficiently? In the process of checking the
1. T.S. Kuhn uses the word paradigm in essentially two senses.
"On the one hand, it stands for the entire constellation of beliefs, 
values, techniques, and so on shared by members of a given comm­
unity. On the other, it denotes one pai’t or element in that con­
stellation, the concrete puzzle-solutions which, employed as models 
or examples, can replace explicit rules as a basis for the solution 
of the remaining puzzles of normal science". Furthermore, "the 
success of a paradigm ... is at the start largely a promise of 
success discoverable in selected and still incomplete examples. 
Normal science consists of the articulation of that promise ... 
achieved by extending the knowledge of those facts that the 
paradigm displays as particularly revealing, by increasing the 
extent of the match between those facts and the paradigm1s pre­
dictions, and by further articulation of the paradigm itself".
Kuhn, op.cit. p. 173 pp.23-24. We mean to use the word in
the Kuhnian second sense. For a historical school that epitomises, 
though in a narrow sense, Kuhn's paradigm we may mention the 
physiocrats. "They were a school by virtue of doctrinal and 
personal bonds, and always acted as a group, praising one another, 
fighting one another's fights, each member taking his share in 
group propaganda". J.A. Schumpeter, History of Economic Analysis, 
(London: Oxford University Press, 1954) , p~. 223-
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predictions of the paradigm against the observed situation,
anomalies emerge which lead to a greater effort on the part
of those who have accepted the paradigm to resolve them.
Instead of digging new holes they try to deepen and broaden
the existing ones. Thus articulation is undertaken to
resolve ambigtiities in the paradigm and to permit solution
of problems to which the paradigm has previously drawn
attention. For example, the need to handle risk so as to
improve predictions in certain farming situations has
produced a considerable amount of literature on ways and
I
means to incorporate risk situations xn the paradigm.
.2.2.4, In our case, the paradigm is used to ax’ticulate the 
nature of the decision making environment of the farmer. 
This may lead to an understanding of factors that govern 
behaviour which in turn would allow the exploration of 
the consequences of different policies provided potential
1. By using a quadratic programming model which maximises 
profit subject to minimum income variance Dasgupta was 
able to demonstrate the rationality of Indian farmers in 
resource allocation. S. Dasgupta, "Producers' Rationality 
and Technical Change in Agriculture with Special Reference 
to India," (unpublished Ph.D dissertation, University of 
London, 1964)
There is a substantial literature on methods to handle risk 
in LP models. W,e note the following:
See, J.R. Freund, "The Introduction of Risk into a Program­
ming Model," Econometrica, XXIV, No. 2 (1956),
J.K. Boussand and M. Petit, "Representation of Farmers1 
Behaviour Under Uncertainty With a Focus Loss Constraint," 
Journal of Farm .Economics, XL IX, No. 4 (19&7)*
J.P, Mclnerney, "Linear Programming and Came Theory Models - 
Some Extensions," Journal of Agricultural Economics, XX,
No. 2 (1969).
B.R. Hazell, "A Linear Alternative to Quadratic and 
Semivariance Programming for Farm Planning Under Uncertainty," 
American Journal of Agricultural Economics, LIII,
No~ T" '(1971) .
- 4-0 -
responses of farmers are expected to follow changes in 
constraints and exchange opportunities.
1.2*2.5* We start by articulating the DME of a Case Study - 
henceforth CS - as depicted in Plow Chart 1. The first 
step is to confront the model with the observed situation. 
The sueess of the model in predicting the outcome (actual 
farming behaviour) depends on a correct representation of 
the qualified playsical bounds. The physical bounds are 
qualified in the context of a farmer’s perception of 
choices. In general, unless a farmer is a habitual or 
wilful liar,"** it is a routine task to identify and 
quantify the stock of his resources. The difficulty arises 
in trying to understand his perception of the DME and to 
reflect such an understanding in the model. We try to 
accomplish this in part by a simultaneous consideration of 
physical bounds and choice limits. Special character­
istics of physical bounds such as soil fertility may limit 
the range of crops to be cultivated. In addition, we 
expect a farmer’s reasons for following a cropping 
pattern to furnish insights into his expectations, prefer­
ences and aversions etc. which may determine the specific 
allocation of resources among perceived alternatives.
1 .2 .2.6 . It is laossxhle that a farmer’s statements may prove
to be different from his intentions, or even if they are
1. Usually it is not difficult to "falsify” such farmers 
by the use of cross-checks and with the help of what may 
be called specialised sources of information in the village. 
For example, in our situation, the village’s herdsman knew 
the number, age, and kind of livestock owned by each 
hous ehold.
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Flow Chart 1
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the same, we may err in our understanding of the significance 
oT these statements in relation to the purpose in hand-
1.2 . 2*7* We can guard against the former through a continuous
check of ex ante statements with the ex post behaviour.
In preparing a crop time-table an ex ante statement may
say that for crop A two weedings are performed whereas
ex post behaviour reveals one weeding. What matters here
are the reasons a farmer may give to explain this 
1inconsistency and the significance of these reasons, A
1. Let 93 (t) be the set of implernentable decisions. Three 
cases of decisions may be noted:
(a) Consistent decisions - supjiose the farmer takes decision 
d^ in period one and decision d^ in period two. Both 
decisions are available in period one: (1), d2^B(l). 
Furthermore, does not completely dominate d^ m  period 
one. Xf the farmer chooses d^ then he has revealed
that d^ is preferable to d . Subsequently the farmer 
may choose d^ but this would not contradict the observed 
preference for d^ if d^
(b) Non-comparable decisions - where d-jeB(l) but d-$B(2 ) 
and d2«Tg(2) but d ^ U )  .
(c) Inconsistent decisions - suppose both decision 
alternatives available in both periods: d1a'B(l)» 
d^-gBCs), d2$3(l), d gjCS). If he reveals first 
a choice "of d^ in preference to d^ and second
d^ in preference to d^ then his revealed ^preferences 
are inconsistent.
An analytic descrixDtion of decisions requires:
Explanatory factors ^  Preference ordering ►- Decisions
In our case, the reasons of the farmer constitute the 
explanatory factors but no knowledge is claimed about his 
preference ordering.
See Janos Kornai, Anti-Egnilibrium, (Amsterdam, London: 
North-Kolland Publishing Company, 1971), p.127 and 1^7•
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possible explanation may run as follows: the ex ante
statement referred to a normal weed growth, but this
year's growth was less than normal. If we press the
farmer further as to the reason for weed growth being
less than normal we may learn that, in his opinion, the
number of pre-sowing ploughings is directly related to
the intensity of weed growth and since he completed two
more ploughings than usual one weeding sufficed. But
why does he not perform the same number of ploughings
in other years? Because it is not usually easy to hire
1
a plough during the pre-sowing x>eriod.
1.2.2.8. The implication of this relatively simple example
is that there is usually a complex logic and interdejjendence 
of circumstances governing the outcome/behaviour of 
farmers. These reasons^ constitute the data from which 
we try to formulate hypotheses of the factors which may 
affect choice and consequently the resources allocated.
1.2.2.9* The qualification of the physical bounds in the
model dexoends on the selection and significance that the 
farmer attaches to certain reasons. But such reasons 
must always remain suspect because there is no way to
1. Alternatively the extent of weed growth may be stochastic. 
Note that if the farmer is able to specify the production 
surface of the crop (two variable resources in relation to 
expected yields) then we may include it in the model as an 
explicit set of relations.
2. We use "reason" to denote an explanation given by a 
farmer for action or inaction. Fair exaiiqole, the reason, 
given by many farmers for not borrowing from the Agricultural 
Bank was the unacceptability of the Bank's condition that 
required an applicant to mortgage his land as a collateral.
_ l±lt. „
ascertain a priori their validity. What we ask the model 
to do is to explore the conditions under which a reason 
may be said to influence or not Influence an outcome.
This leads us to the problem of validating our results*
As we shall see, this problem is ultimately intractable.
1.2.3* Validation of Results
1.2.3.1. Validation is the determination of the acceptability
of the model in view of its stated purpose.^ The principal 
criterion by which we may judge the validity of our model 
is its predictive capacity. However, other criteria may
1, Ituhn maintains that no amount of articulation can lead 
to a rejection of a paradigm. It can only be rejected if 
an alternative paradigm appears on the scene; a comparison 
between the two paradigms and between each and the real 
world leads to a choice between the two contenstants. This 
has two important implications for validation. First, as 
long as the paradigm functions satisfactorily rigorous tests 
are not demanded by the practitioners* Predictions and explan­
ations are accepted or rejected in the light of shared standards 
which are acquired with the paradigm but which are not usually 
explicitly spelled out. Second, a comparison of the results 
with the real world cannot prove or disprove a paradigm. In 
case of anomalies, auxiliax'y hypotheses are marshalled in its 
defence, which leads to further articulation. Kuhn, op.cit., 
p.27* It. Popxoer maintains that a theory (paradigm) is falsified 
when it is superseded by another with a higher corroborated 
content. This constitutes a progressive problem-shif t • The Kuhn- 
Poxoper debate has centred on the frequency with which the pract­
itioners of science test and repDlace theories. Popper maintains 
that at any time the practitioners can, if they try, escape from 
their existing frameworks to "roomier" ones. Kuhn maintains that 
such activity is infrequent and constitutes "extraordinary 
science". For a presentation of the Popperist view and a criticism 
of Kuhn, see Imre Lakatos "Falsification and the Methodology 
of Scientific Research Programmes,11 in Criticism and the Growth 
of ICnowledge , ( eds . ) I. Lakatos and A, Musgrave (London:
Cambridge University Press, 197^0, pp»91“l88* It seems to us 
that the testimony of J.M. Keynes gives support to Kuhn. "The 
composition of this book has been for the author a long struggle 
to escape ... from habitual modes of thought and expression ...
The difficulty lies, not in the new ideas, but in escap>ing 
froig the old ones, which ramify, ... into every corner of our 
minds"• J.M. Keynes, The General Theory of Employment, Interest 
and Money (London: MacMillan, 1936), pp.94-95 *
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be relevant to validation because they constitute contributory 
factors to the formulation of relevant and effective policies. 
Among’ these, we may mention: the range of policies that the
paradigm is able to analyse effectively; the power to suggest 
hypotheses; the inferences that could be derived from the 
micro to the macro level; the adaptability of the paradigm 
to changes in the initial assumed conditions and the cost 
and benefits involved in the application. These desirable 
criteria will be referred to in the course of this study 
in our evaluation of the paradigm. Meanwhile we shall focus 
our attention 011 the x^roblera prediction*
1.2.3*2. Friedman maintains that a test ox a model's validity
1is to compare its predictions with experience. But to do
this for future events one has to wait for their occurrence -
a process which would nullify any planning because policy
conclusions have to precede the occurrence of the event.
Predictive validity may refer to phenomena that have occurred
in the past but observations 011 which have or have not been
2known to the person making the prediction. A comparison 
with historical records would lead either to their confirm­
ation or contradiction. Lastly, we may judge predictive 
validity by comparing results with actual behaviour at a 
given iDoint in time. Our own conclusions are based 011 such
1. M. Friedman, "The Methodology of Positive Economics," in 
Readings in Micro Economics, (eds•) ¥. Breit and H .H , Huchman, 
(New York: Holt, Rinehart and ¥inston, I9S8), p.58.
2. Such a historical test was attempted by Nugent.
J.B. Nugent, "Linear Programming for National Planning: 
Demonstration of a Testing Procedure," Econometrica , XXXVIII, 
No. 6 (1970), pp.831-833.
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a comparison. We shall argue that it is unlikely that a 
test can be constructed for such comparisons and that we 
have to rely on inductive support to validate our results. 
Consider first what we understand by a test.
1.2.3*3 * A test cannot serve the purpose of confirming or
disconf irtning our conclusions (i.e. proving them true or 
false) unless we build into it such a possibility. But 
to do this we need to know, a priori, the distribution of 
possible outcomes in the true sub-set (N^) , undecidable 
sub-set (N^) , and false sub-set (N^ ,). Thus the total 
number of outcomes (L) is:'*'
L = 1ST, + N + N„ t u f
Moreover, we need a demarcation line (decision criterion) 
that would indicate in which of the above sub-sets a 
solution may fa 13.•
1*2.3.4. It may be foolish to assume that a question can be 
profitably pursued without reference to the possible 
answers; for when we ask ourselves questions about matters 
of fact we usually expect certain forms of acceptable
2
ansxver. It is possible that a question may be unanswerable,"
1. Johan Galtung, Theory and Methods of Social Research, 
(London: Allen and Unwin, 1970), p.325*
2. In the history of economic analysis there are many 
instances of wasted time and energy in pursuing questions 
that are unanswerable. For example, the ambiguities and 
different interpretations that shrouded the concept of 
value, through the formulation of questions with the 
built in erroneous assumption of intrinsic value, is a 
case in point.
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or that it may be answerable in principle but not in 
practice* In the case of this study, what do we understand 
by prediction? What exactly do we wish to predict and how? 
What possible use can we see for our predictions?
1 .2.3*5* We may recall that our first concern was to predict
the actual xolan of the CS and by so doing explain the
factors governing choice patterns in the context of the
decision making environment of the farmer. As a matter
of logic, prediction and explanation are isomorphic:
what cannot be explained cannot be predicted and vice- 
1
versa. This implies that successful explanation entails 
an increased ability to predict for the future. Strictly 
3£)®ahing, in order to explain the occurrence of a part­
icular event we need to deduce that this occurrence took 
place how and when it did from a general law that covers
the class of such events accompanied by statements about
2
the initial conditions for the occurrence. Such deductive 
arguments must be valid universally; either the xoremises 
logically entail the conclusion and therefore the argument 
is valid, or that is not the case. We cannot have degrees 
of confidence in our argument. Whether we can produce 
such generalisations in the social sciences depends on 
how the world is constructed and on our ability to 
describe what the social phenomena under consideration 
are likely to be. In our model it is clear that what is
1. R. Brown, Explanation in Social Sciences, (New York: 
Routledge, 19^3) p.vi.
2. A. Ryan, The Ph. hy of the Social Sciences, (London:
Ma cMill an, 1972 )" ?
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represented is a section, and probably a small one at 
that, of reality* Now, the logical consistency of the
1model can be established independently of the real world. 
However, a consistent model can produce logically valid 
conclusions which are not true. This raises the problem 
of the relationship between the assumptions of the model 
and the factual evidence from which they have been 
inferred. Our evidence is derived from farmers1 statements 
and their ex post plans. Some of these statements can be 
verified by direct recourse to the ex post plans.
Statements about expected yields could be checked against 
realized yields. Other statements cannot be subjected 
to such verification. For exampile, most of the farmers 
said that their price expectations in period t are based 
on the realized prices in aMnortnalM year. In our model 
this statement is the basis of the assumption concerning 
the prices of crops. Our model is composed of a set of 
both types of assumptions. When a conclusion, as gleaned 
from the solutions of the model, does not tally with the 
observed situation we must be able to provide hypotheses 
or reasonable explanations for the anomaly. Such hypotheses 
should, in principle, be testable and are based on inductive 
support, i.e. we may speak of degrees of support. However, 
it is possible to marshall evidence in support of a false 
conclusion. For example, we have advanced several plausible 
reasons as to why the farmer grows some Hamari wheat and
1. The system of simultaneous linear equations must be 
consistent.
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barley when it is demonstrated by our model that it does
not pay to do so. In effect, we are asking for more
evidence before we can say anything useful about the
economic efficiency of the farmer. It is "... typical of
inductive arguments that they do usually leave us anxious
to have some more evidence and that they suggest further
1
inquiries to us1'. Suppose we are not able to furnish 
inductive support for a certain conclusion. What then?
It is at this point that we must question the rationality 
of the model as an adequate representation of the situation.
1.2.3*6. Actual economic efficiency criteria as understood and
practised by the farmer may be different from those assumed 
2in our theory. Inductive support can never entail the 
conclusion we arrive at and therefore it is hard to conceive 
of any tests for such arguments, except to point out 
ambiguities in the evidence or to offer a different argument 
using the same evidence to arrive at a different conclusion.
!. Ibid., p,40.
2. The issues raised in the debate on marginalism between 
Machlup and Lester are still relevant.
R.A. Lester, "Shortcomings of Marginal Analysis for Vage- 
Employment Problems," American Economic Review, XXXVI, No. 1 
(1946).
P. Machlup, "Marginal Analysis and Empirical Research," 
American Economic Review, XXXVI, No. 2 (1946),
R.A. Lester, "Marginalism, Minimum Wages and Labour Markets," 
American Economic Review, XXXVII, No. 1 (1947)•
F. Machlup, "Rejoinder to an Antimarginalist," American 
Economic Review, XXXVII, No. 2 (1947)*
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1 .2.3 *7* We wish to predict the position of the farmer in
relation to the qualified physical bounds. The method
is to solve the model for both the optimum and the bounds.
There are two possible outcomes: if he is observed to
be on the bound, but not necessarily on the optimum,^ 
then the model is consistent with the view that behaviour 
is constrained and may be used to investigate the impact 
of policies. The model is still consistent even if he 
is within the bounds. However, the comparison of the 
solution with the ex post plan should not reveal discrep­
ancies that are not explicable in terms of induction.
1.2.3.0. We are not concerned with the truth value of a given
paradigm. In our opinion this is something that cannot 
be established. Rather the problem is: given the behaviour
of our farmer, or a universe of farmers as disclosed by 
exxjerience, how does the paradigm account for this exper­
ience in the sense of furnishing a reasonable explanation 
of observed behaviour? On what basis can we claim that an 
explanation is a reasonable one? In MP the usual practice 
is to rely on the goodness of fit, based on subjective
1. Precise behaviour is not predicted as this necessitates 
correct specification of the objective function and sequential 
representation of behaviour. However, this is not necessary 
for the purpose in hand.
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criteria, between the observed situation, and the solution.
1 .2.3 *9* in our opinion, the adoption of a subjective goodness 
of fit criterion cannot in our case be defended because 
our subjective criterion may be different from that of a 
Xoolicy maker, which in turn may be different from that 
of a farmer. Dut the a. priori condition for selection of 
effective policies is an understanding of the constraints 
governing behaviour which needs an explanation. A reason­
able explanation in this context requires not only that 
our conclusions follow from the premises but also that 
they are acknowledged to be true, if only by implication, 
by those whom the policy makers are trying to convince, 
i.e. farmers.
1*2.3*10. It may be helpful to recapitulate our argument. The 
principal purpose of our models is to explain factors 
governing behaviour. Explanation and xorediction are 
isomorphic. lie seek to validate the predictive capacity 
of our models by a comparison of the solutions to the
1. A typical statement, in this case relegated to a footnote, 
ran as follows: "Just what size index of inefficiency
should be interpreted as implying significant nonattainment 
of profit maximisation is a matter of subjeptive judgment.
No standards of comparison are yet available. Personally, 
we feel that an index greater than 0.2 (i.e. more than 20% 
of potentially achievable profit foregone) may reasonably 
be interpreted as indicating poor allocative efficiency with 
respect to profit maximisation". J.L. Dillon and J.R. Anderson, 
"Allocative Efficiency, Traditional Agriculture and Risk',"
American Journal of Agricultural Economics, L I U , No. 1 
(197177"PP * 27r28T“
See also, T.il. Naylor and J.M. Finger, "Verification of 
Computer Simulation Models," Mana g eni eat S c i enc e , XIV, No. 2 (1967). 
¥.E. Schronk and C.C, Holt, "Critique of: 'Verification of
Computer Simulation Models' , " Ma aa g em ent S c i e 11c e , XIV, No. 2 
(1967).
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ex post plans at a given point in time, A "test" for 
such comparisons needs an a_ priori distribution of 
possible outcomes in the true, undecidable, and false 
sub-sets together with a decision criterion (demarcation 
line) that would indicate in which of these sub-sets a 
solution may fall. Even if such a distribution could be 
specified there is still the problem of deciding on whose 
decision criterion should be used - the analyst, the 
decision making or the farmer,
1 ,2 .3 ,11, In the absence of a rigorous "test" we must consider
other possibilities of validating our results. Explanation 
may be based on deductive or inductive reasoning. Deductive 
arguments are valid universally in that the assumptions 
logically entail the conclusions. Our assumptions are 
derived from a subjective understanding of farmers statements 
and their ex post plans and thus can never entail the con­
clusions . Hence we are left with inductive arguments which 
allow us to speak of degrees of suppox't to a stated conclusion. 
Typically, inductive arguments leave us anxious for more 
evidence before passing judgment on the relative confidence 
we attach to a conclusion. In our view this is a strength, 
in the context of this study, since puzzlement may lead to 
the formulation of new hypotheses that can possibly shed 
light on anomalies between the solutions and ex post plans.
1 .2 . 4. Generalizing Prom Case Studies
1.2.4.1. A generalization is the extension of the range of a 
conclusion beyond its point of reference. The extent of the 
range depends on the nexus of the conclusion. A conclusion 
based on a causal law will hold for every phenomenon 
covered by the domain of the law. On the other hand a 
generalization may be based on inductive support.
1.2.4.2. Vie started by programming a leading farmer # ^  The DME 
of the CS was articulated with respect to assumptions about 
types of credit, actual and potential household labour, 
availability of labour for hiring during specific peak 
labour periods, parametric levels of own circulating 
capital, and the possibility of doubling the water supply 
together with other assumptions. The results demonstrated
the importance of physical bounds as determinants of behaviour. 
These results were also used to assess the validity of the 
model by comparing its predictions with the actual plan of 
the farmer.
1. Each member of a stratified sample of thirty farmers 
comprising 25 per cent of the universe was asked to give the 
names of leading farmers in the village with respect to:
1 - High attainment of yields; 2 - Advice sought and acted 
upon by other farmers; 3 ™ Inquiry and experimentation with 
new techniques and crops.
The votes cast were in favour of thirteen leading farmers. 
However, nine farmers received less than five votes each.
The names of the remaining four leading farmers and the 
number of votes received by each were:
daleh Mustafa Mahraood Muhammad
Brothers Allwash Allwash Massini
20 14
Only four of the respondents, the poorest in the village, 
said that all the farmers in the village were of equal merit.
The rest of the respondents were not only clear about their 
choices but also provided reasons for their particular selections 
Thus on the basis of the ballot we selected one of the Saleli 
brothers to act as the Case Study. For details see Chapter Three.
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1*2.4 *3* How far are the resul ts of the CS generalizable
over the universe of farmers? The results can be general­
ized if the contents of the members of the universe are 
expected to be similar to that of the CS (see Figure 3)*
For this to be so the components should intersect so as 
to yield similar plan formulations i.e. ex ante plans*
Even so, the ex post plans may show differences in, for 
example, realised yields of the same crops due to inter­
personal differences in managerial capacity,
1,2.4.4-. The cropping patterns of Khaldeyeh farmers are similar
and repetitive (see 2.4.2.5»). He could speak in effect of
"the Khaldeyeh farming system". This farming system can be
1characterized as a stable core system : stable core system
which has solved successfully the allocation problem (crop­
ping pattern and resource use of individual farmers) and 
general equilibrium problems (interdependence of farmers 
in, for examx^le, labour use). When Khaldeyeh was irrigated
in 1952 it took several years of experimentation with
different combinations of irrigation regimes and levels 
of fertiliser before a consensus of opinion on the best
1. A stable core system assumes:
A cyclical pattern in the b., c . and A. . sub-matrices of
J ^ 3.’ 0 xj
the LP model with a solution converging to a stationary
repetitive optimum after a finite number of periods.
Suppose we have two decision vectors and where t
is a time subscript. In a stable core the solution is 
repetitive i.e.
See C.D. Throsby, "Dynamic and Stochastic Optimising Models 
for Farm Decision-Making," (unpublished Ph.D dissertation, 
University of London, 19^6), pp.56-59*
Xtl
X,_ = X. t2 t 2 - X
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strategy was readied (See 2*3*6*3*2.)* In the interim tlie 
evidence was sifted not only in terms of expected yields 
but in Hie compatibility of the labour requirements of 
cotton with those of the traditional crops. The expectations 
of farmers were different and these were expressed in 
different contents i.e. different combinations of water 
regimes, dates of weeding and fertiliser dosage per unit 
of land.
1.2.4.5- Farmers in a closely knit community like Khaldeyeh 
are in a continuous dialogue about husbandry methods, 
price expectations, attitudes towards borrowing and so 
on. Every farmer cannot help but be influenced by what 
we may call the master DME of the village. This DME 
constitutes a master algorithm. Individual farmers adjust 
it to their specific situations by the use of t!sub-routines".
1.2.4.6 . The "sub-routines" are successful provided they do not 
produce infeasible solutions to general equilibrium problems 
especially in labour use. The CS results revealed the 
existence of a large number of marginally sub-optimum 
plans. This means the existence of a large number of 
plans that are technically different (product mix and 
resource use) but whose returns are marginally lower 
than that shoxfn to be optimal. In fact the actual plan 
of the CS is such a sub-optimum xolan (See Chapter Four).
This finding would probably apply for any other farmer in 
the village.
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1*2.4*7* An LP solution shows an optimal way to allocate
resources. In fact there may be a variety of ways, at
a small loss in returns, of attaining the objective using
the same initial conditions as assumed in our model. If
such sub-optimal plans require different amounts and
distributions of resources, especially labour, as compared
to the optimal, then sub-optimal strategies may be
"optimal" in the context of general equilibrium. This
can be so because a farming system has tolerance limits
within which particular farmer’s sub-optimization routines
operate if they remain feasible in a general equilibrium
framework. For example, the rejection of furrow cotton
by the leading farmer in the village was not on grounds
of relative unprofitability but because the labour demands
of furrow cotton clashed with peak labour £>eriods in the
village. In such specific periods hiring in labour is
1
extremely difficult.
1.2.4.8. Suppose we wish to investigate the impact of a certain 
policy on a stable core system, Such a policy could be the 
introduction of a new crop or technique, or the release of 
a constraint. We are interested in the potential response 
of farmers; expecting that their behaviour will follow 
changes in constraints and exchange opportunities. But we
1. In Khaldeyeh cotton is cultivated in basins. The 
Extension Service of Hama convinced two leading farmers 
that they should cultivate cotton in furrows because of 
its claimed superiority to the basin technique in terras 
of expected yields (See 2.2.6 .3*6.).
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postulate that the path of adjustment to a given policy 
may differ between farmers even though they may behave in 
the same general direction.
1 .2.4t.9* We may, however, study potential responses of farmers 
in relation to the impact of policies on physical bounds 
and exchange opportunities and their implications to 
general equilibrium problems. Since, we have argued that, 
in a stable core, relative conformity in behaviour is 
likely to follow an initial searching period.'*' Therefore, 
to genei’alize about the Khaldeyeh farming system we needed 
to take account of differences in farmers resource structures 
so that we could explore the impact of policies on different 
postulated physical bounds. Our procedure and findings are 
reported in Chapter Six*
1 . The characteristics of different learning processes may 
be of interest to the policy maker. This concern is outside 
the scope of the present study.
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CHAPTER TWO
THE VILLAGE
2 .1 . Introduction
2.1.1. Criteria for Village Selection
The village had to satisfy the following criteria:
1. That it should not have been affected by land reform.
2. That it should have access to a marketing center.
3. That it should be irrigated.
That tenancy should be mainly of the owner-operator 
type.
The object was to select a village with a favourable
environment (irrigation and marketing) and which had not
been subjected to a major institutional change.'*’
1. In 1958) Law Number l6l stipulated that (a) holdings may 
not exceed 80 hectares of irrigated or orchards land, or 100 
hectares of rainfed land. Owners could bequeath up to 10 hectares 
of irrigated land or 40 hectares of I’ainfed to each of three of 
his children (modified later to include all children). (b) the
law was retroactive to 1930. (c) Compensation was equal to ten
times the average rental value of land payable in fifteen 
annual instalments.
Following the seccession of Syria from the U.A.R. (28 September
1961) law l6l was drastically modified by law No. 3 (20 February
1962). However, in March 1962 law No. 2 re-established the 
provisions of law No. l6l with minor modifications. Still, in 
19631 important modifications were added to law No, l6l decreasing 
the maximum limit from 80 hectares in irrigated land to 4t0 hectares, 
except in the Ghouta near Damascus (15 hectares) and from 300 
hectares of rainfed land to 80-l4o hectares depending 011 the 
rainfall zone.
The land expropriated and distributed between 1959-1969 was 
as follows (’000 hectares):
Total exproxoriated land 1,513
Distributed land 7&1
Undistributed land in Hasakeh region 337
Land sold 38
Not available for distribution l(t
Earmarked for state farms 140
Miscellaneous lands 203
In 1969 the total cultivated area was 5*875 thousand hectares.
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2,1.2, Method of Work
1
2.1.2.1. Two villages near Hama satisfied ovir criteria. 
Khaldeyeh was selected because it is nearer the large 
marketing center of Hama (population 135?000, 1966). The 
only difficulty with Khaldeyeh was the political and social 
rivalry between the two dominant sub-lineages. Therefore, 
assurance of cooperation from both factions had to be 
secured in advance especially as we intended to draw a 
random sample from the population. A room was rented in 
the house of a neutral farmer and an assistant was hired 
from the village to remind farmers of interview dates and 
to caution the writer about sub-lineage affliations of 
interviewees in order not to invite two farmers belonging 
to opposing factions to the same interview.
2.1 .2.2. In the village, we began with a population census of
households and then drew a strati±"ied random sample of 30
farmers which comprised 25 per cent of total land owning 
2households. In addition, a leading farmer was selected 
as our CS.
2 .1 .2 .3* We commenced data collection with a household census
to decide on the size and type of sample and to familiarize 
ourselves with agricultural practices and crops. It also
1. However, Bsyreen, the other village, also a beneficiary 
of the Horas-I-Iama irrigation canal, had one relatively 
large landowner.
2. See discussion of the sample later in this Chapter 2.4.1.
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helped in establishing a rapport with the farmers.
The sample was selected in order to furnish detailed and 
hopefully accurate input-output data while the CS provided 
the pattern which our LP model was to represent. Another 
concern was to use the solutions representing the situations 
of the CS to infer generalizations about other farmers.
2 .2. The Setting
2.2.1. The village of Khaldeyeh is located seven kilometers
south of the city of Hama and is connected to the main
asphalted Damascus-Aleppo road by a two kilometre dirt 
road. The road is difficult to negotkite during the rainy 
season from November to March though this is of little 
significance for marketing crops since the main cash crop, 
cotton, is maxfketed by October.
2.2.2. The total area of agricultural land is 8250 du. of
2which 6033 is irrigable and 2217 unirrigated (Map l).
1, When our intention to select the village for this study 
became known to the farmers, rumours spread that the study 
was under the auspices of the Ministry of Land Reform. 
Therefore, we spent considerable time, while conducting the 
population census explaining and answering questions put
by the farmers about the objectives of the study. This helped 
to allay their fears considerably and by the time we finished 
the census the level of cooperation was very satisfactory.
2. Land figures represent the adjusted declarations of farmers 
on their land holdings in the land schedule of the population 
census. The adjustment was done by a tedious cross-checking 
of the respondents declarations with the 508 entries that 
appear in the land Registration Office records. Surprisingly, 
serious discrepancies were few. Still, the total land in the 
records is 8272 du. compared to our adjusted figure of 8250 du. 
This discrepancy of 22 du. is due to the presence of tiny 
scattered plots, owned mostly by non-village residents, but 
under the de facto control of villagers.
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MaD 1
KHALDEYEH
Irrigation System and Location of Fields Owned by the
sample. (1965)
Vlu*-A(H£
Key
Unshaded area - Irrigable Fields 
Shaded area - Unirrigated Fields 
Red - Unirrigated fields owned by sample 
Green - Irrigable fields owned by sample 
Black - Irrigation Canals.
Blue - Rouses and threshing grounds.
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The capacity of the main canal is insufficient to provide 
irrigation for more than twenty seven per cent of the 
irx'igable land during the irrigation season from April to 
September. Land owners in the village were not subject to 
land reform; consequently cultivators were predominantly 
operators. The sise of farms, measured in land area, was 
between 2.5 ~ 489 Thus, while fifty households out
of 120 landowning households each owned less than 4:0 du. 
and collectively 12.7 pe*' cent of the total agricultural 
land, five households each with over 300 du. owned 
collectively 25 per cent of total land.
2.2.3* The agricultural work cycle in any one year is divided
between the winter crops (wheat, vetch, barley and lentils) 
and the summer crops (cotton, vegetables, onions and water 
melon)• A two year crop rotation was usually followed 
except on some inferior unirrigated land where fallow entered 
the rotation. Vegetables, watermelon and livestock were also 
produced to meet household needs. A mixed crop/livestock 
system was not practiced• ^
1. There were some farmers in the village who owned sizeable 
flocks of sheep, i.e. each owning more than 50. However, the 
sheep were entrusted to bedouins, as commonly practiced all 
over Syria, and roam the country in search of pasture and 
water. The sheep activity is not integrated with the crops.
Usually the partnership with the bedouin assumes one of two 
f orms:
(a) The sheep are bought by the villager and entrusted to the 
bedouin who is fully responsible for their welfare. The bedouin 
gives all the proceeds from the sheep (ghee, wool, cheese, milk)
to the farmer till the sum of these proceeds over a number of years 
equal the initial purchase price of the sheep. Thereafter, fifty 
per cent of the flock becomes the jjroperty of the bedouin.
(b) The sheep is bought by the farmer and entrusted to the bedouin 
who returns to the farmer each year 2.5 Kgs. of ghee per lactating 
ewe and its wool. The farmer pays a livestock tax of LS 2.5 per shee] 
which is over one year old; if the ewe does not lactate the bedouin 
pays the tax.
In Khaldeyeh arrangement (b) is the prevalent practice.
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2.2.(t. Prior to 1951 the village economy was based on wheat
and barley cultivation. It was a system designed to meet 
subsistence household needs; any surplus grain was either 
stored as a buffer against drought or sold. The land was 
worked under the Musha (communal) land tenure system which 
militated against an efficient allocation of resources. 
Farmers recalled with resentment their poverty during 
that period.
2.2 .5 * Two simultaneous developments created the conditions
loir a structural transformation in resource allocation. 
First, in 1950i work was started on surveying the village 
agricultural land with the object of abolishing the 
detrimental Musha system in accordance with legislative 
decree No. 155 of 23/8/19^* Secondly, in 19511 work was 
completed on the construction of the feeder canals in the 
village.
2*3* A Historical Sketch
12.3*1* Origins of Land Ownership
2.3.1*1. Before 1918, Syria was a part of the Ottoman Empire.
In 1858 the first land registration (Tapu) was carried out. 
Prior to that date land was classified as follows:
-*-* Khas - land owned by the Sultan.
2* Zaameh - land given to notables and military
officers as a quid pro quo for services rendered 
to the Sultan.
1. This section draws heavily 011: S. Kaylani, "The Role of 
Agriculture in the Economic Development of Syria 19^8-1962," 
(Unpublished M.A. Thesis, American University of Beirut, 
Lebanon, 196%).
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3* Tlmar - land given to courageous soldiers.
4. Wakf ~ land given to religious institutions.^
2.3.1.2. During this period Khaldeyeh probably belonged to
category two as it was under the control of a notable from
Hama. The notable gave half the land to the resident
peasants on condition they worked the other lia3.f in Return.
2.3.1.3* A few years later the notable moved with his family 
to Damascus and lost contact with the village. The land 
came under the de facto control of the peasants. When 
the Ottoman authorities introduced land registration in 
1858, the peasant population suspected that the real object­
ives were to levy new taxes and conscript young men to the 
army. To protect themselves against these possibilities 
the villagers registered the land in the name of seven 
elderly persons.
2.3.1.4. The new law classified land into:
1. Hulk - privately owned land.
Bmiri - land which -was state owned but usually 
leased to individuals under certain conditions.
5* Matruka - land which was left for public use 
such as roads and parks.
Mawat - land which was not owned or used by 
anyone.
1. Akrain el-Ricaby, "Land Tenure in Syria” in Land Tenure,
(eds. ) IC.H. Parsons, R. Penn and P. Raup, (Madison: University 
of V/xsconsin Press, 1958), pp.85-86.
- 65 -
5« Musha - land owned collectively by a group 
of people each of whom had equal rights to 
any one part.
8* Wakf ~ land owned by religious institutions.
At that time Khaldeyeh belonged to category five. Up to 
1953 the land was owned and tilled collectively by the 
descendants of the original seven owners.
2.3*1.3- The Islamic inheritance laws have been instrumental
in the ajjpearance of the musha holdings. "In its primitive
form, a musha village is above all characterised by the
minute fragmentation of the land into holdings which
1usually take the form of long narrow strips". The musha 
holdings, through the periodic redistribution of pilots 
among peasants, militate against any possible improvement 
of the land while the excessive fragmentation leads to 
uneconomic plots.
2.3.2. Land Registration
2.3.2.1. The main objective of land registration was to abolish
the detrimental musha and consolidate fragmented land.
A joint committee of the village farmers and government
experts classified the land into irrigable and rainfed
taking into consideration soil fertility differences within
each class. By 1952 the land was registered in the name of 
2214 owners.
1. Paul J. Klat, "Musha Holdings and Land Fragmentation in 
Syria,” Middle East Economic Papers, (1957).
2. Syrian Republic, Land Registration Office, Report on the 
Abolition of Musha in Khaldeyeh Village. Hama 1951? file No. 7? 
(Typescript in Arabic).
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2.3.2 .2 . Land registration resulted in security of ownership 
and the freedom of the fanner to decide on his product 
mix and resource use. Use of fertilizer was adopted by 
some of the enterprising farmers and by 1956 had been 
adopted by the majority; tractor ploughing was substituted 
for the iron plough.
2.3•3• Land Ownership
2.3.3.1. As noted earlier, the total area of agricultural land 
is 8250 du. of which 6033 are irrigable. The soil is well 
drained and of the red loamy type. Except for small areas 
of unirrigated land and two large fields to the east of 
the village the soil is of uniform fertility.
2.3.3*2. There were seventeen landless households. Some
worked as daily labourers while the others were share­
croppers. Fifty one households out of a total of 120 
land owning households owned less than 4-0 du. while 
twelve households owned over 120 du. (See Table l). The 
average ratio of irrigated to unirrigated land was 2.71*
2.3*3*3* I11 spite of the presence of farmers who were willing
to purchase land from their neighbours in the village, 
ownership was jealously guarded. Land was usually sold 
by elderly females to close relatives and by outsiders 
who inherited land by marrying from the village.
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Between 1952-1965 an estimated total of 3&1 du. changed 
hands. Outsiders sold l46 du. while only 234 du.
(constituting 2.8 per cent of the total agricultural land) 
comprised land transactions between village households 
most of which were within a lineage or sub-lineage (see 
Table 2).
2. 3 * 4- • Irrigation
2 . 3 • 4 • 1. Horns-Hama Irrigation Project
2.3.4.1.1. The first phase of the Horns-Hama irrigation project
was designed to irrigate land between Horns and Rastan. It
was initiated by the French Mandatory authorities in
1934 and completed in 1942 (See Map 2). The second phase,
from Has taxi to Hama, was completed under the national
2government between 1944-1950. The scheme provides water 
for 22,000 hectares of irrigable laud, generates 84,500 
kilowatts of electricity and provides drinking water for 
the city of Hama. The main concrete irrigation canal is 
sixty-eight kilometres in length and has an outflow capacity 
of 0.2 litres/second/hectare. This means that approximately 
27 per cent of the irrigable area could be effectively 
irrigated from April to October. However, recent studies 
have strongly recommended the feasibility and desirability 
of increasing the canal capacity to 0.4 litres/second/hectare 
which would double the actual irrigated area. The
1. For a discussion of lineages (see below 2.3*5.2.)
2. Syrian Arab Republic, Ministry of Public Works,
Report No. 20, Type Script (in Arabic).
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implications of this policy to the level of income and 
resource use at the farm level became a major concern 
of this stiidy.
2 . 3 . 1 * 2 .  Because Khaldeyeh is situated at the extreme end
of the main canal (see Map 2) the concrete feeder canals 
were only completed in 1951* The dirt canals that channel 
the water to the fields were dug and have been maintained 
by the beneficiaries.
2. 3 * 4 * 2 ♦ 'Water Supply, Regulation and Use
2.3.4.2.1. At the beginning of March the Directorate of Irrigation 
in Hama sends official slips to the farmers about the 
duration of their weekly water allotment and the commencing 
dates of their irrigation. On the first of April water is 
regulated by placing locks on the iron gates of the feeder 
canals. The employee who performs the job is supplied with 
a detailed list of all beneficiaries from each gate together 
with their alloted time and rate of water outflow in litres/ 
second.
2.3.4.2.2. Khaldeyeh receives its water from thirteen gates 
while administrative centers 15 and 18 supervise the 
distribution. The rate of water discharge can be regulated 
at will. In general, those with unlevelled land prefer a 
low water discharge while the reverse is true in the
case of levelled land. The water tax is x^i^ ^he end
M A P  2
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of the irrigation season in October* The tax of LS 5 per 
du. is levied on the basis of the irrigable area irrespective 
of whether a beneficiary uses the water or not.
2.3.4.2.5* Cotton, the principal cash crop, needs water from
April to August. Prom the outset it became apparent that 
water would prove to be a very important limiting factor. 
Farmers were interested in knowing whether, in view of 
the deteriorating price of cotton, it would pay to substitute 
sugar beet for cotton. Detailed information on sugar beet 
was not available in Khaldeyeh but was collected from 
other villages and used to explore the potential role of 
sugar beet.
2.3» 4.2.4. There were two other interesting aspoects regarding 
water allocation, namely:
(a) The possibility of using different water regimes.
(b) Utilization of water at sub-optimum levels.
2.3.4.2.5« The usual practice in Khaldeyeh is to flood the land 
before sowing cotton. The first irrigation is given one 
month after sowing. This is followed by two irrigations 
011 a fortnightly basis; thereafter irrigations are given 
on a weekly basis till the time of picking (early September). 
Crops like onions and cucumber require weekly irrigations 
from April to June only. This produces a supplementary 
relationship between cotton and such crops in the use of
- 73 -
water provided a farmer follows a sequential strategy in 
the dates of cotton sowing. Hence, the cotton activities 
in our models were specified so as to allow for different 
time specific water regimes.
2.3*4.2.6, In exploring alternative farming choices the poss­
ibility of sub-optimum water regimes may be of great 
importance. However, otir investigation of the consequences 
of sub-optimum water use, used here to mean regimes which 
give less than maximum yield, necessitates a knowledge 
of the functional relationship between yields and different 
postulated water regimes. For this purpose we needed at 
least two observations sx)anning range of regimes
considered so that interpolation could be used. But even 
this data was not available and it was decided that other 
assumptions would have been misleading.
2.3•5• Population and Employment
2 .3.5-1. The household census listed 137 households in the
village with a total population of 883* Individuals under 
17 years constituted 57*4 per cent of the total population 
(see Figure 4), The age structure determines the burden 
imposed on the active population by the inactive. The 
dependency ratio (active/inactive) which expresses this 
burden, approximates to unity in Khaldeyeh. The other 
implication of a young population is the presence of a
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sizeable reservoir of potential future entrants into the 
labour market which means that in the absence of outside 
village job opportunities, employment outlets must be 
created within the village. This may not, however, be 
sufficient to coax young people and especially the 
educated to stay. It is also important that such employ­
ment should hold the promise of an adequate renumeration,
12.3*5*2, A striking feature of the male population was the 
difference in literacy between the young age groups of 
6 to 23 years and the rest (Table 3).
TABLE 3
KHALDEYEH.
Distribution of Male Population by Age Group 
in Relation to Education Status.
Male Age Groups
Elementary Secondary
Literate Illiterate
Still at 
school
Left
School
Still
at
School
Left
School
6-11 89 19
12-17 47 3 12 1 2
18-23 3 21 10 1 1
24-29 11 4 9
30-35 2 n 12 2 2
35-41 6 20
42-4-7 3 8
48-53 3 14
54-59 8
• 60-65 14
Over 60 9
1. Females were not sent to school.
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No male over 35 years had received formal schooling and
many could only read and write with difficulty. In
contrast, 82 per cent of the children between 6 to 11 years
1
were attending the elementary school in the village. 
Secondary education was gaining in popularity and with it 
the promise of careers outside the village. Most of the 
students at the secondary level wished to enter the 
Officers1 Military Academy in Horns while none contemplated 
a career as a farmer in the village.
2.3.5*3* The career options facing the majority of young
people in IChaldeyeh create a dilemma. If they migrate 
to an urban centre there is a high risk of joining the 
ranks of the involuntary unemployed or of performing a 
menial job. Alternatively, given the existing system of 
farming and the shortage of land, a farming career is not 
promising except in the case of the sons of relatively 
big land owners.
2.3.5«4. Since land is the principal item in the value of
total farm assets, we may use man/land ratio as a reasonable
index of the distribution of wealth in Khaldeyeh. Land
ownership was skewed; 44 per cent of total land owning
households owned 14.2 per cent of total agricultural land.
Each of these households owned less than 40 du. and the
1. In Syria, elementary and secondary education is free 
but not compulsory. Since 1948 there have been a consistent 
drive by the government, irrespective of political shade, 
to invest heavily in education.
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average man/land ratio was 3*4 du* At the other extreme 
were five households that owned 25*6 per cent of the total 
agricultural land with an average ratio of 47 du. per 
person. This skewness, as we shall see later, is the 
root cause of the social and political antagonism among 
the sub-lineages in the village.
2.3-3-5* Whether or not farmers are allocating their resources
efficiently is a question which has to be settled empirically. 
For the effectiveness of policy prescriptions depends, as 
we argued in Chapter One, on the identification and 
description of the position of farmers in relation to 
their production possibilities. Assessment of farming 
efficiency involves the simultaneous consideration and 
correct specification of constraints, production and 
exchange possibilities open to farmers. Such specification 
also allows the investigation of the consequences of 
relieving limitational constraints, the introduction of 
new production and exchange possibilities to explore 
potential implications for income levels and other features 
including general equilibrium issues. Thus, while in our 
situation we may observe scarcity of land and a skewness 
in its distrilmtion, it is not admissible on the strength 
of that evidence alone to prescribe policies which are in 
effect land economizing. Should a new miracle seed show 
a favourable cost/return ratio this in itself would not
- 78 -
guarantee its adoption if the labour demands of the new 
crop were to prove infeasible in the context of general 
equilibrium allocation of labour*
2.3»5*6* The population pyramid suggests that a migration
. 1
trend among the 21— 29 age group was already in progress*
Many of the small farmers were forced to augment their
incomes by seeking employment as construction workers
during the slack winter season in Beirut and as causal
daily labourers in neighbouring villages during the peak
2labour periods from April to June.
2.3 *6 * Social Aspects
2*3*6*1* The basic social, unit is the family which is linked 
to a group of families by a lineage or sub-lineage. Each 
lineage protects its members against any possible encroach­
ments on its interests by other lineages, and contributes
to social events such as marriage or death and gives
3priority to members in labour hire or exchange*
2.3*6.2* Historically, the village was first populated by the 
Allwash and Massini Lineages. Around l88o a bedouin,
Khalaf Nimr, visited the head of the Allwash family and
1. The number of males in the age bracket 18-23 is probably 
underestimated because males over 18 and not at school are 
stibject to two years' compulsory army service.
2. Es£)ecially in the neighbouring Christian village Kfarbo 
(See Map l).
3* Xt should be noted that these preferences constitute 
market imperfections which will need to be taken account 
of in attempts to predict the pattern of the village 
response to changing opportunities.
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while participating in a village game accidentally lost 
an eye. In compensation he was married to one of the 
two daughters of the head of the Allwash family. She 
bore him five sons who established the sxib-lineages of 
Saloora, Khaled, Khalaf and Saleh. It is interesting to 
note that 119 households belonged to the lineages while 
the l8 non-lineage households comprised mostly the 
landless households.
2.3*6#3» Table 4 traces the historical evolution of the
lineages and sub-lineages from around l880 up to the 1963 
census. There is intense social and political rivalry 
between the Saloom and Khalaf sub-lineages. The Khalaf 
find support among the poor members of the other1 siib- 
lineages while the relatively prosperous members tend to 
sup£>ort the Saloom* The cause of the antagonism is the 
belief that the Salooms, by consistently marrying the girls 
of the other sub-lineages, have stolen their land.
2.3<‘6.4s Table 5 gives data'011 marriages within and between the
lineages and sub—lineages. The Salooms married fifteen
of the Khalaf's girls while none of their girls married
a Khalaf. Marriages are also frequent within the Saloom 
Lineage. It is likely, given the Islamic inheritance law 
by which a female is entitled to half the share of a male 
that the Salooms were able to increase their land holdings 
in this wa y *
Hi
st
or
ic
al
 
Sk
et
ch
 
of 
Li
ne
ag
es
 
an
d 
Su
b-
li
ne
ag
es
. 
I8
8O
-I
96
5
O N coi—4
rH
VO
CM 1—1
LT\
cq -O ra
* P  rH Fj O O O 0)s m  ^  O
LTN
no i—4
-P
LfN
no
coco O N 1-4
CM
*P
CMS'
no
CM
-P
no no
•H
■H 1—i
r-4
CO CO
Es
ti
ma
te
 
of 
Ma
rr
ia
ge
s 
"w
it
hi
n 
an
d 
Be
tw
ee
n 
Li
ne
ag
es
 
an
d 
Su
b-
li
ne
ag
es
. 
I8
8O
-I
96
5
- 81
-p m in
CMhT in
rH
CMrH m
rH CM
05 O CM
£ PQ 
rH 
rH
CM
rH
m
VO ro m
ON
CM
m in
rH
1—I 
C—
rH
mCM in o
82 -
2.3* 6.* 5® The Saloom sub-lineage is the dominant Taction 
with respect to number of households (37 per cent of 
total households) and land holdings (52 per cent of total 
agricultural land). To counter-balance this preponderance 
many young men from the other sub-lineages, led by a 
Khalaf, joined the left wing ruling Baath party. This 
action further strained the already tenuous relationship 
because the Salooms claimed that the real intention was to 
capoture the village headraanship from their leader in the 
coming village elections.
2 . 3 * This rivalry affected cooperation on matters affecting 
the whole village. For example, during 1966 the local 
authorities in Hama proposed to pave the dirt road by joint 
cost sharing. A heated debate ensued between the Salooms 
and Ehalafs on how the village’s share of the cost should 
be levied. The Khalafs suggested that it should be based 
on area of owned land while the Salooms insisted on 
population as the relevant criterion. The debate dragged 
011 for more than eight months until a tentative corapromise 
was reached to levy two thirds of the cost on land and one 
third on population. Thus, any move or suggestion by one 
of the two sub-lineages is looked upon with suspicion and 
distrust by the other.
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2.3*6.7* A more serious implication affects intra-village 
resource use. The rival groups do not hire available 
labour from each other or borrow slack water. In short, 
the social and political rivalry was accentuated by non­
cooperation.
2 * 3 ^ 7„* Innovation
2.3*7*1* Land consolidation and irrigation in 1952 coincided 
with a generally favourable movement in terms of trade 
in the international prices of cereals and particularly of 
cotton.^ At that time the Khaldeyeh farmers lacked 
experience in cotton cultivation. An entrepreneur from 
Mama offered to rent all the irrigable land, provide all 
the inputs, import the necessary skilled labour, and 
give the farmers 27 per cent of the cotton croiD. That 
year (1953) Khaldeyeh was to receive its first water 
allotment from the canal but it was feared that some of 
the weekly irrigations, esjpecially during the critical 
flowering and boll formation periods, would not be forth­
coming. To hedge against this risk the farmers offered to
let the land for cash but the entrepreneur refused for the
*
same risk reason. A compromise was reached to let 800 du. 
for one year for a 27 per cent share provided the entrepreneur
1. Between 1950-1952 the irrigated area in Syria increased 
from 395 to T9 2 ('000 hectares). This expansion was wholly 
financed and managed by the jorivate sector. The finance 
was made possible by the substantial profits made by the 
merchant and industrial entrepreneurs during the Second 
World War.
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hired village labour to perform the different cotton 
operations under the supervision of a gang of imported 
skilled labour. The rest of the land was put tinder 
cereals and pulses.
2 .3,7.2. The farmers recalled a period of experimentation
with fertilizer dosage and irrigation rates per du.
from 195T-58, At the beginning no fertilizer was applied
and the tendency was to under-irrigate. The yield of
cotton per du. was low, ranging from 90 to l40 kilograms.
By 1958 fertilizer application had become widespread
and water stabilized at the rate of 2 to 2.5 du. depending
011 the composition and intensity of fertilizer per hour
1
of water allotment. As a result yields almost doub3.ed.
2.3 .7*>3* Five years may seem a relatively lop.g period of
adjustment. However, it is not difficult to understand
\
farmers' rationality for their caution. First, as they 
lacked circulating capital, fertilizer had to be bought 
011 credit from the agent at a real interest rate of 
around 20 per cent. Second, implications for yields
consequent upon varying fertilizer dosage in relation to
/
water were not clear. Third, was the possibility of 
disasters such as failure of the canal to deliver water
1. A decision on optimum fertiliser and water* application 
per du. is a complex one. Aside from the fact that cotton 
water requirements are not uniform during its life cycle, 
the variance-covariance of weed growth and intensity of 
fertiliser use, there seems to be a positive correlation 
between the rate of fertilizer, particularly natural 
fertilizer, and the necessary water requirements.
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during a peak water period and/or an attack of cotton 
1worm* The farmers could not financially absorb such a
shock and risked falling into debt. It seems likely that
they consciously attempted to avoid this outcome. Probably
their behaviour was not xcrofit maximising hut rather what 
2Lipton calls a survival algorithm.
2.3*'7*4*' The process of innovation was studied by using the 
three fold classification:
3
1. Innovators 2. Adopters 3* Laggards 
We x^osed the following question: Who were the first
farmers to (a) Apply fertilizer to cotton (b) Grow onions
(c) Grow cumin. The 29 individually interviewed farmers 
named one farmer who was the first to introduce onions 
and cumin. The behaviour of this farmer was watched and 
copied and his advice soiight on husbandry methods and yield 
estimates* When asked how he differentiated himself from 
1 other farmers he mentioned two characteristics. First
his inquisitiveness about new agricultural practices,
1. In 1952 the cotton worm decimated the cotton crop in 
Syria. The government responded immediately by establishing 
the cotton Bureau which assumed the functions of (a) Production 
and import of cotton seeds (b) Control of pest and disease, 
and (c) Grading and export of cotton.
See, Aleppo Chamber of Commerce, Bulletin Economique, Aleppo;
Dad Press; 1955, pp.235-2.48.
2. Michael Lipton, The Theory of the Optimising Feasant,
Joint Reprint Series, No. 29 (School of African and Asian 
Studies and Institute of Development Studies,- Sussex 
University).
3* There is a considerable literature on the innovation 
process. We wish to give a brief descriptive Narrative,
See P.M. Rogers, "A Methodological Analysis of Adoption Scales," 
Rural Sociology, XXVI, (1961), p.325-336. G .W . Taylor, "An 
Analysis of Certain Social and Psychological Factors Different­
iating Successful from Unsuccessful Farm Families,'1 Rural 
Sociology, XXVII, (1962)p ♦303~3l6. R.G. Mason, "The Use of 
Information Sources in the Process of Adoptioh, " Rural Sociology, 
XXIX, (1964) p.40-52.
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inputs and crops, and second his willingness to try them 
out* He gathered information from talking to other 
farmers in the marketing center of Iiama and in the course 
of his visitations to friends in neighbouring villages. 
Whenever he heard about a new profitable crop or of higher 
yields attained in other villages he went to the source 
for confirmation of the story.
2.3*7*5 0 The extent of his influence on the behaviour of other
farmers was considerable. For example in the early sixties,
1
the Agricultural Extension Station in Hama asked him to 
cultivate cotton in furrows rather than basins. It was 
alleged by the extension workers that furrow cotton gave 
higher yields and required less water per irrigation. Indeed, 
by the innovator's admission, the yield was around 10 to 12 
per cent higher than basin cotton but the xsrater requirement 
was only marginally lower. However, the technique was 
rejected. The efforts of the extension workers to convince 
other farmers to try the technique were to no avail. The 
extension workers alleged that the behaviour of the innovator 
was irrational while they attributed the refusal of other 
farmers to try the technique to laziness. The innovator's 
main reason for rejecting the technique was that furrow 
cotton required more labour for weeding. A quick calculation 
showed that the extra wage payments were less than the
1. The station provides free fertilizer and management 
of the trials.
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marginal value from increased yields. Later, when we 
prepared a time flow chart of the labour requirements of 
all the crops during the year it became clear that one 
of the weedings of furrow cotton clashes with the cereal 
harvest. During this peak labour period the village 
labour is stretched to the limit such that it is very 
hard to hire in labour. Moreover, the labour requirements 
for ridging and weeding one du. of furrow cotton are 
significantly higher than for weeding basin cotton (see 
Tables 11 and 12 for the time distribution of operations)•
2.4. Land and Labour Use
2.4.1. The Stratified Sample
2.4.1.!. An LP model demands detailed and accurate input-
output data. "Whether or not it x^ovides sensible resiilts
depends more on the work which goes into collecting data
before programming commences than on the sophistication
1of the mathematical procedure used in computations".
To secure such information we decided to select a random
sample of 30 farmers comprising 25 per cent of total land
owning households. Land area was taken as a f°r
farm size since it was the principal income generating
asset. We assumed land to be homogenous with respect to
fertility. There was no need for standardizing irrigated
1, E.O. Heady and Wilfred Candler, Linear Programming Methods 
(Iowa: The Iowa State University Press', 1963) ? p • 1SH.
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land into unirrigated because, in general, the ratio was
2.7*1 irrespective of size of* holding. As noted previously,
the distribution of land size was skewed to the left*
Statistically the precision of the estimate increases if
the data, in our case land, can be arranged in strata so
as to obtain a larger sampling fraction from the more
variable strata and a smaller fraction from the less
variable strata. MTo maximize precision, the sampling
fraction in each stratum should be proportional to the
1
square root of the variance in that stratum11. Thus, our 
data was classified into six strata; the size of each 
stratum being 39*99 hu. The calculation used to obtain 
our stratified sample is shown in the table below,
TABLE 6.
KHALDEYEH
Calculation of Optimal Allocation of A Stratified
Sample.a
Stratum N.r ^i N . oA 1  3. n^ N.cv'. N.<y.\V 1 x iti 1 V
I 50 9.32 466 ii
II 4-2 10 420 9
III 13 8.47 110.1 2
IV 9 7*91 71.2 2
V l - - 1
VI 5 51.86 259*3 3
a N. = stratum size: = within stratum standardr 1
deviation; n = sample size.
1. A. Stuart, Basic Ideas of Scientific Sampling,(London:
Charles Griffin and Co. Ltd"™ 1964), P • 52, ~ *
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. ^L . 1.2. Tlie level of cooperation of tlie members of the sample 
was very satisfactory except in the case of one farmer 
belonging to stratum XV who selectively fed the inter­
viewers false data especially on labour inputs and crop 
yields. Unfortunately, because of our strategy in 
checking the flow of information this was not detected 
until late in the research. Essentially the records of 
ten farmers were inspected and checked once a fortnight.
Our sample of thirty members was divided into three groups 
which meant that six weeks elapsed between the first and 
second checking of each group* When a discrepancy in 
the information given by any farmer was detected, his name 
was placed on the short list which meant that henceforth 
his information was checked every week. Wow this strategy 
assumes that a farmer would not be selective in his feeding 
of information with regard to its truth value. If he does 
then it is possible, as happened in the case of the said 
farmer, to escape inspection for up to six weeks. Nov/, 
suppose the information during this inspection free period 
is time-specific e.g. labour records. Upon the discovery 
of the discrepancy in the information, assuming we 
are determined not to drop the farmer from the sample, 
we may adjust the figures by resorting to his recall 
memory or using the records of ’’similar farmers”. In 
the case of this farmer his information in April was 
consistent. However, the second inspection in July
- 90 -
showed, serious discrepancies in the labour records and 
actual yields of crops. It was not possible to replace him be­
cause the time-specific information was not likely to 
be collected accurately from memory. We finally decided 
to drop him from our sample without replacement.1
2.4.1,3, Table 7 gives some statistics of the sample.
2.^*2, Land Use
2 , 2 . 1 .  Though the range of crops cultivated in the village 
is not large the set of available processes is. For 
example, to sjnecify the cotton processes one has to
consider:
(a) date of sowing
(b) number of ploughings
(c) number of weedings
(d) timing of weedings
(e) level of fertiliser aiqolication
(f) timing of irrigations
(g) technique of irrigation.
Permutations of these can result in over three hundred
cotton processes. The cropping patterns of our strata
were similar but there were differences in the selected
processes which will be elaborated in our discussion
1. We also dropped the headman of the village, who was 
one of the biggest five landowners, from the sample because 
he relegated the decision making on his land to his share­
croppers. In his case replacement was not possible since 
already the other four big landowners were included in 
the s amp1e .
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of tlie solutions to our models. Meanwhile we may note 
that small, farmers (strata I and II) usually grew Hamari 
wheat and used the sickle to harvest the crop. In 
contrast, relatively big farmers (Strata V and VI) grew 
Italian wheat and used harvesters. In our discussion 
of the results of the CS we suggest possible explanations 
for the observed differences in wheat cultivation 
(See 5*3*3»2.) Another area of observed differences 
was in the relative intensity of apx3lying fertiliser to 
cotton. This is a liquidity problem as demonstrated by 
our models and farmers' own statements.
2.4.2.2. Information on cropping patterns during a three
year period (1963-65) was collected for each of fifty- 
two irrigable fields and thirty-four unirrigated. The 
cropping patterns per stratum 011 each type of land are 
given in Tables 9 and 10 while figures 5 and 6 show the 
typical land use.
2*4.2,3* On irrigable land the core crop around which plans
were built was cotton. Rotation of cotton with wheat
was preferred but it could equally well have been rotated
with vetch or lentils • We were not able to collect enough
data to statistically test the significance of yield effects.
The feeling was, as gleaned from random field observations
and discussions with farmers, that provided a monoculture
1was avoided, yields were independent of the rotation.
1. In light of this it was permissible to specify our 
activities in the model in terms of single crops. However 
rotational constraints on overall percentage mixes of 
crops were specified.
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Figure 5 
KHALDEYEH 
Typical Land Use on Irrigable Fields
Half the Area Half the Area
First Year
34% cotton 
27/o vetch 
1.6% lentils. 
3% Fallow n.
64% wheat;
22% Barlej?-, 3% veget. 
4% Onions; 4% cumin; 
/ 3% watermelon*
Second Year /\
Figure 6 
KHALDEYEH
Typical Land Use on Unirrigated Fields
First Year
Half the Area Half the Area
40“80% pulses 
20"6o% fallox^
70% wheat 
.30% barley
Second Year N
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Our sample included fields where cotton was rotated with 
cereals or pulses* The concomitant change was the per- 
centages of land under each crop. Thus, in Figure 5 
vetch and lentils change places with wheat and barley.
2.4.2,4. On unirrigated land pulses were rotated with cereals.
On the less fertile land barley and less frequently wheat 
was rotated with fallow. At the time of land consolidation, 
most of the infertile land, located to the east of the 
village, was allocated to the big landowners. Thus,
1fallowing was pr*acticed less frequently by small farmers.
2.4.2.5* In Chapter One we maintained that farming in Khaldeyeh 
is a stable core system, i.e. croj)ping patterns are 
repetitive. Variability in cropping patterns was observed 
to be in the selection of processes and not in the kind 
of crops grown or their relative percentages. The 
percentages in our sample are shown in Table 8.
1. Fallowing is usually practiced to preserve moisture and/or 
restore soil fertility. It is possible to eliminate fallow 
in areas with an annual rainfall over 300 miliineters per 
year. Khaldeyeh is located in a rainfall zone of 300-400 
mm pox' year. It is also possible to improve fertility 
of the soil through the use of rotations that include 
leguminous crops. We estimated that land fallowing in 
Khaldeyeh has been reduced from 30 per cent of total 
land prior to land registration to 10-20 per cent in 1965.
_  95 -
TABLE 8 
KHALDEYEH
Percentages of Crops on Irrigable Land - Farmers’ sample
crop
Year
Cotton Onions
and
Veget­
ables
Broad
Beans
Cumin Wheat Barley Vetch Lentils Water­
melon
Fallow
1963-64 24.9 *9 .1 34. 8 5*7 3*7 2.4 4.9 16.9
1964-65 25.3 .9 .6 31 11 • 6 11.6
r«7
2. p 5*6 12 # 5
1965-66 25.1 1*9 • 3 *9 30.3 12.5 12.5 3*4 2.7 15.3
Except Tor barley, vetch (1963-64) and watermelon (1965-66), 
the relative percentages exhibit stability and req^etitive- 
ness. In the case of barley and vetch we suspect that the 
area in 1963-64 was under-estimated while that of fallow 
was overestimated by some members of our sample. The 
area under watermelon descended on the available moisture 
at the end of the rainy season. Consequently, the drought 
of 1963-66 must have affected decisions of farmers to 
reduce the area under this crop.
2.4.2 .6 . Variability among strata (see Tables 9 and 10) was 
mainly with respect to cotton and fallow land. The area 
under cotton was governed by the availability of water and 
total labour (household plus hired labour) for weeding.
The tendency of stratum XI with relatively high labour/ 
land ratios was to augment, wherever possible, their water 
supply by hiring in water. This allowed them to increase 
the area under cotton above the 25 per cent feasible with
1. Members of Stratum I, also with a high labour/land 
ratio, lacked the capital to buy water.
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tlieir own water supplies. The highest per cent of fallowed 
land was in stratum VI partly because of the infertile 
fields they own to the east of the village.
2.4*3* Labour Use
2.4.3.1. A str dicing characteristic of agricultural worlt is its
seasonality. A long period of inactivity is tisually
followed by periods of hectic labour demands that stretch
the available household labour to the limit. Khaldeyeh
is not an exception. From October to mid April there are
1 /few agricultural tasks to be performed. ( S e e  Tables 11 and 
12). In fact increasing numbers of young farmers go to 
Lebanon diiring the winter for two to four months to work 
on construction sites, in orange groves, and on other 
unskilled jobs.
2.4.3.2. The village comes to life in April. The fix'st task 
is to clean and ridge the irrigation canals. From the 
15th of April to 10th of May cotton seeds are sown and 
planked. This operation is followed immediately by the 
strenuous cotton bordering. In May the harvest of barley, 
vetch, Hamari wheat and Lentils fall in rapid succession* 
Among these the hai'vest of Hamari wheat can be postponed 
for a fortnight without risk of grain shedding. The
1. Mainly ploughing the land and sowing the winter crops. 
The tractor has relieved the strains of ploughing while 
sowing is a minor job. Those who have planted onions, 
vegetables and cumin have to weed during March.
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otlier crops have to he harvested within a week of their 
ripening dates. Italian wheat, as it is susceptible to 
grain shedding, has to be harvested immediately in the 
first week of June when the heavy labour' requirements of 
cotton weeding also have to be met* July is the month 
of threshing and winnowing. In August the labour load 
tapers off sharply: the onion crop has to be harvested;
vegetables are picked continuously and the last light 
cotton weeding has to be performed. By the 10th of 
September cotton picking starts in earnest.
2*5 Marketing and Credit 
2.5*1* Marketing
2.5*1*1. Ginning factories and cotton marketing were national­
ized in 1965. In September, Khaldeyeh farmers transport 
their cotton to the government cotton center in Hama where 
it is jiriced according to its grade. On average there was 
a time lag of two months between date of cotton delivery 
and payment. This delay forced some of the small farmers 
who suffisred from a liquidity shortage to sell their cotton 
at a discount to merchants from Hama.^
2.5.1*2. Much of the cereal and pulse produce was consumed within 
the village but substantial transactions occuredbetween 
households. Small farmers do not xrroduce enough cereals
1. It is possible for a merchant to incur a loss if he 
overestimates the grade of cotton. Our models assume 
one month lag in payment.
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to meet their anticipated consumption requirements and 
therefore buy from the more prosperous landowners.
Priority in these transactions is given to members of 
the same lineage or sub-lineage and are sometimes accompanied 
with credit facilities i.e. payment is deferred till the 
buyer receives a cheque from the government for his cotton.
2.5.1.3* Vegetables, milk, ghee and eggs were sold to agents.
Khaldeyeh farmers marketed these products through two 
1
agents in Hama, The agent played a dual role in marketing 
the crops and in extending short-term credit to the farmers. 
In his marketing role he usually received from two to 
three per cent of the value of the marketed produce as 
commission.
2. 5 .1. ^ . Table 13 gives the value of marketed poroduce for
members of the sample for whom records were found. Since 
1966 was a drought year, values of cereals and pulses 
refer to produce marketed in 19^3* On average cotton 
accounts for more than 73 per cent of the total value of 
marketed farm produce: some of the producewas sold in the
village and the value of these sales does not appcear in 
Table 13* However, we are confident that the value of intra 
village sales of pulses and cereals is not large enough to 
challenge our statement that cotton is the most significant 
cash crop,
1, We found great difficulty in convincing these two agents 
to surrender their books for inspection towards the end of 
the research year (September 1966). Ultimately we had to 
inspaect five volumes of note books, each with more than two 
hundred pages of scribbled transactions, to extract the 
value of crops marketed by our sample.
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2.5*2. Credit
2.5 *2.1. V/e may identity the following sources:
(a ) Agr i cultura1 3 auk
(b) City Agents
(c) Village
Let us consider each separately.
2.5*2.2. During 1965-66 the Agricultural Bank charged a
6 per cent lending rate for seasonal loans but required
the borrower to mortgage his land as a collateral and the
1
signature of two guarantors. Farmers strongly disliked 
borrowing from the bank: this attitude was probably
inherited from the pre-irrigation period when farmers 
who fell into debt were sometimes forced to surrender 
their lands in settlement of the debt. Those who borrowed 
were usually the poor farmers. Given low yields and the 
uncertainty of cyclical drought it was hard to accumulate
enough capital to repay loans. This strong aversion to
borrowing implied a subjective discount rate higher than 
the banil’s rate of interest. In fact, in some versions 
of our model we assumed a subjective discount rate of 
20 per cent which represented the CS required rate of return 
011 borrowed capital.
1. In 1972 the Agricultural bank’s requirement of two
guarantors for seasonal credit was abolished. Also the amount
of loans that applicants might have became dependent on the 
crops cultivated. Thus, for high yielding variety of irrigated 
wheat an applicant could get L3 30 per du. while for irrigated 
cotton L3 5!5 per du. may be extended. The rate of interest 
was set at 5.5 per cent.
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2.5.2.3* The second source of capital was the marketing agent.
Islam prohibits usury and being devout Muslims the two
agents did not charge an outright rate of interest. Instead
the agent received between 5 to 10 per cent of the gross
yield per du. of cotton for approxiraately every LS 100
borrowed. This tended to bias against high dosage of
fertilizer application since the higher the yield the
higher the effective rate of interest. In spite of the
significantly lower rate of interest charged by the bank,
6 per cent compared to an effective 18-28 per cent by the
agent, farmers avoided mortgaging their land at all costs.
The anathema of mortgaging their lands and the difficulty
of finding guarantors coupled with the fear of losing the
land through a failure to repay the loan were the main
reasons mentioned by the majority of farmers for their
1
unwillingness to borrow from the bank.
2.5*2.^. One of the two agents kept records of the amounts
owed to him by some members of our sample. Unfortunately
the other agent kept a separate notebook for his lending
operations and refused to let us inspect its contents. Of
the seventeen farmers with marketing records we found
credit records for only six farmers. Thus for twenty two
farmers we had to rely on their own estimates of the amounts
of money they borrowed during one year (September 1965 -
September 1966). This information appears in Table 13*
1. Some farmers complained of excessive red tape i.e. 
interviews, submission of applications and waiting periods.
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2.3-2.5* Two points are worth noting. Firstly, small farmers 
are subject to external capital rationing i.e. the agent 
would not extend more than LS .300 per farmer per season. 
Most of the borrowed money was spent on consumption or 
social obligations while little if any was used to buy 
fertiliser and seeds. The medium and big farmers were 
in a more favourable position. For example, serial number 
^9 was able to borrow LS 1390 compared with the LS 163 
of serial number 71 (see Table 13)• Inspection of 
records of the six above mentioned farmers showed that 
much of the capital borrowed by medium and large farmers 
was used to purchase farm inputs.
2.3*2.6. Lastly, members of a lineage or sub-lineage cooperate 
in extending quasi-credit to each other by postponing 
payment of wages of hired in labour and purchases of 
wheat and other farm produced consumption items. In some 
instances small amounts of money are extended by the 
relatively well off members to poorer ones free of interest
2.6. Estimate of Gross Incomes of Sample
2.6.1. Sources of Income
2.6 .1.1. The observed income sources of farmers were as follows
(a) Crops and their derivatives
(b) Livestock products
- 107 -
(c) Seasonal hiring out of family labour in 
IChalcleyeh and neighbouring village Kfarbo
(d) Work during the slack winter months (from 
November to February) in the Lebanon.
In our village models t3ae choice opportunities were
limited to crops and their derivatives and to the seasonal
hiring of labour. In the case of livestock we have already
noted that households kept few sheep and/or goats to meet
their requirements of milk and ghee. Livestock was a
1supplementary activity . Those more livestock
entrusted them to bedouins.
2 .6.1.2. During the peak labour months of May and June, family 
labour is hired out. The village models assume unlimited 
hire in labour during all labour periods so as to assess 
the feasibility of the existing' farming system in total 
labour tise i.e. the consistency between the supply of 
labour by surplus sub-sets and demand of those in deficit. 
The total cost of hired in labour would be equal to the 
income from hired out labour.
2.6.1.3. Male farmers, in particular those of Stratum I, go
to Lebanon in the winter and spend from one to two months
in unskilled jobs. An individual can save between LS 120-
180 per month. This labour cannot be assumed to have a
zero opportunity cost because there are no jobs to perform
1. Village livestock was entrusted to the village herds­
man during the spring and paid LS 0.5 per month per animal.
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on the fields* If a new opportunity necessitates the 
foregoing of this income then it must be included as an 
element of opportunity cost. For the dairy activity, 
which needs labour during the winter, we assumed that the 
women, who traditionally milk and take care of the livestock, 
can assume the responsibility of tending the dairy cow.
In other words it is unlikely that the integration of a 
dairy cow in the system will restrict the options of the 
>■ farmers to go to Lebanon.
2 .6 .1.4. Income estimates of members of the sample for 1965-66
will be confined to crops and their derivatives. Because
of the drought, two estimates were made for the value of 
unirrigated crops. Realized income refers to the estimated 
actual gross returns whereas expected income is what they 
would expect in a normal year. In the case of vegetables, 
watermelon and straw, some tentative assumptions were
>
employed to estimate their gross returns.
2.6.2. Estimates of Income From Crops
2.6.2*1. The most important source of income from crops was
I
cotton. Comparatively, the contribution from other 
irrigated crops (onions, vegetables) was small while the 
contribution from unirrigated crops varied between twenty 
five to fifty per cent of the total value of the crops. 
Consequently, we would expect the 1966 drought to reduce
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incomes substantially. However, the doubling of the 
prices of cereals and pulses cushioned the effect of the 
drastic decline in yields on income. Only in cases where 
it was either not worthwhile to harvest the crop or the 
yields were extremely low (ten per cent of exjjected) was 
there a significant reduction in realized as compared to 
expected incomes (Table l4, serial No. 44, 49, 86, 63)*
On average, the drought reduced incomes by around fifteen 
per cent,
2.6.2.2. There was a marked disparity in expected income levels 
between Stratum I and the rest* The average expected 
income per household for stratum 1 was 6.5 per cent of 
ttiat achieved by stratum VI and 27 cent of stratum II.
Small farmers were observed to sell water and to borrow 
from the marketing agent to meet household consumption 
needs. They also sought to augment theii" incomes by 
hiring out family labour in the village during peak labour 
periods and in Lebanon during the winter. Only two members 
of Stratum I sharecropx^ed land in the village but already
in 1966 one big landowner was trying to evict one of them
on the pretext that the sharecropiDer did not weed the cotton
field properly* The real reason was that the big landowners
susx^ected the government of enacting a law that would give 
title to the land to whoever was tilling it.
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CHAPTER THREE 
THE CASE STUDY
3 *1 # 1ntro du ctlon
3.1.1. A leading farmer was selected as a Case Study:
one of those whose actions were watched and whose advice 
was sought and acted upon by other farmers.
3.1.2. Our concern was to use the LP paradigm to explore 
the limits of choice as defined by physical bounds and 
exchange opportunities. Whether Khaldeyeh farmers were 
taking the best advantage of their oppox'tunities by 
pursuing the existing system of farming would seem to be 
a prior question to the investigation of the consequences
of alternative policies. We postulated that the articulation 
of the DME of a leading farmer would help us to understand 
the logic of the existing system of farming.
3.1.3• The purpose of this chapter is to describe briefly
the situation of the CS i.e. resources, land use, and 
attitudinal factors* The intention is to highlight those
aspects we sought to reflect in the model and the reasons
for modelling them as we did.
3*2. Available Resources
1The CS resources comprised the following:
1. In some farming situations (India) owned jewelry would 
be considered a resource in the sense that it may affect the 
credit worthiness of a farmer or conceivably his attitude 
towards risk i.e. a disastrous outcome could be cushioned 
by selling of jewellery. Both possibilities were not 
observed to be relevant in our situation.
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(a) Land
(b) Labour
(c) Capital
(d ) Wat er
In principle, any of these resources may be increased by 
borrowing and/or hiring provided that market availabilities 
are such as to allow increases in the desired proportions 
required by the CS. Thus, in defining the boundary of 
choice we must consider the nature of the resource market 
facing the CS and his perception of it. Let us consider 
these resources in turn#
3.2.1. Land
3.2.1*1. The CS owned eighty-four du. of which forty-nine were 
irrigable. The total area comprised six separate fields, 
the largest being thirty du. and the smallest seven du. 
(Table 13). The soils, aside from small patches in fields 
five and six, were of red loamy type. The chemical and 
mechanical soil tests conducted on fields one and two 
showed well drained fertile soil.
3.2.1.2. It should be noted that fields five and six were 
considered by the CS as of marginally lower fertility 
than the rest. However, his estimates of realised yields 
did not indicate persistently lower yields for the same
— 113 ~
crops on the two fields in comparison to the others.
Even though recall data may have been stxbject to error 
it did reflect the sort of yields the CS expected to 
attain. It was on the basis of soil tests and his yield 
expec tat ions that we considered land homogenous xvith 
respect to fertility.
TABLE 15 
CASE STUDY
Some characteristics of the Land Operated by the CS.
S er • 
Wo.
Official 
Wo. in 
Land 
Records
Area 
(Du. )
¥ a t er r i gh t s a 
(minutes)
Fert­
ility
Uncult- 
ivable 
(Du. )
Tenure
Status
Distance
from
Homestead 
(k.m.)
1 206 19.5 98 Good None Owner/ox^erator .2
2 341,342 29.5 150 Good None Owner/operator 2.5
3 549 9 Unirrigated Good None Owner/op era tor 1
4 561 7 Unirrigated Good None Oxraer/ operator 1
5 562 10 Unirrigated Good None Oxraer/ operator 1
6 551 9 Unirrigated Good None Owner/operator 1
Total Area 84
a¥ater discharge is at 40 litres per second.
13.2.1.3* Four du. were under vineyards in field one. Thus,
the area available for cropping in our model was eighty du.
i.e. four du^ less than the total land area. There was
3.. The opportunity cost of vineyards could, have been calculated 
by running the model both with and without vineyard- activity. 
Hoxvever, because grapes wscei not marketed but consumed in the 
field as they ripen, the net price of vineyards could not be 
calculated.
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no indication by the CS of wanting either to buy or share- 
crop land. Xn any case, as was mentioned in Chapter Two, 
few land transactions occured* On the other hand, there 
was a growing fear among big landowners of possible 
enactment of laws to give their sharecroppers ownership 
rights to the land; this made them extremely reluctant 
to offer more of their lands to potential sharecroppers. 
Thus, increase in the area of land operated by the CS 
either through buying or sharecropping was highly unlikely 
and was not therefore considered by our model*
3.2.2. Labour
3.2.2.1. The household comprised the CS (29 years old), his 
wife (24 years old) and four sons who ranged in age from 
seven years old to one (population census 1965). The 
CS was literate but his wife, like the rest of the women 
in the village, was illiterate. Socially, the ho^lsehold 
belonged to the Saleh sub-lineage which was the smallest 
in the village; consisting of the CS household and the 
extended household of his two brothers. The Saleh 
brothers were regarded by the two rival sub-lineages as 
neutral which gave them the advantage of hiring in labour 
from any available source in the village. Even though 
the CS operated his fields and took decisions independently 
there was some cooperation among the two households in 
labour and water use. Sometimes the CS recieved help to
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irrigate his fields and was able to borrow small amounts of 
water, without reciprocal obligation, during six irrigations.
3.2.2.2. A daily labour record was kept from the first of 
February to the nineteenth of September 1966 . The 
purpose of the record was to provide information for:
(a) The identification of labour constraints
(b) The quantification of available household 
labour during any identified labour constraint
(c) The specification of labour coefficients
(d) The stipulation for upper labour bounds on 
hire in labour.
3.2.2.3. At the end of each working day the CS note book was 
checked and his entries transferred to the master daily 
labour schedule. Information on agricultural work was 
entered in the labour schedule to show the number of fields 
on which work was done, liours spent per operation per crop, 
the area covered, and the name of the person performing 
the operation. The same information together with wage 
rates was elicited in the case of hired in labour. Time 
spent on non-agricultura1 work by the household labour 
force was alloted between (a) resting*, (b) exchange labour;
(c) household work; (d) travel; (e) hire out family 
labour.2
1. The months of October 19^5 to February 1966 were 
considered redundant because little agricultural activity 
took place*
* S © 0 App end ix 1 B ’ *
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f
3 .2.2 .4. The distinction between postponable and non-post-
ponable crop operations was the criterion used to identify 
labour constraints• A non-postponable operation had to 
be performed within a specified time span if the yield 
of the crop was not to suffer. Upon the completion of 
every operation the CS and a panel of knowledgeable farmers 
were asked to estimate the time interval for the conrpletion 
of the operation before expecting yield loss. For example, 
on May 2nd (1966) the CS and four hired female labourers 
harvested the barley and vetch in field No. 6. The C3 and 
the panel maintained that the harvesting' of these two 
crops would be satisfactorily performed between May 1-7*
*
Postponement of harvesting’ a week beyond date of ripening 
would lead to excessive grain shedding while uprooting the 
crops. Harvesting and picking dates for the observed 
crops were time bounded i.e. dates independent of sowing 
dates. For other operations like weeding their dates 
depended on the time of sowing. Thus, for each crop all 
the operations, from sowing to picking (cotton and vegetables) 
or threshing and winnowing (rest of crops) were arranged 
along a time flow chart. Applying our criterion, fourteen 
labour periods were identified (Table 16) which ranged 
fro® one week to one month. It must be stressed that in 
the case of labour such detail was necessary because the 
twin dangers of either misrepresenting what constituted a 
relevant labour constraint and/or misspecifying the available
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t
supply of labour in one or more labour constraints can 
affect the feasible boundary of choice and may result in 
pseudo solutions.
3.2.2.5* for the CS two sets of family labour availabilities
1were postulated. Actual hours worked, as gleaned from 
the daily labour record of the CS and his wife during any 
of the identified labour periods constituted the actual
' available family labour. Actual observed family labour
was expected to have been less than normal because of the 
drought during the research year. In addition there was 
a revealed preference for leisure as the CS was observed 
t to hire in labour during March instead of using available
family labour. We defined potential family labour as the 
maximum available during any labour period (Table 17).
3 .2.2.6 . The wage rate for hired in labour varied with the
>
operation performed within and between labour periods.
Thus, the wage rate for weeding was LS 2 per day from 
March to April but LS 2.5 per day from May to June 16  ^
sickle harvesting was paid LS 6 per day. These wage 
differentials necessitated special matrix formulation 
(See 4.3*3*2.6.). The other problem was to determine the
1. Agricultural work was characterised, among other things, 
by different operation norms. For example a weeding day 
consisted of six to seven hours of work whereas for wheat 
hardest it was ten hours. Hence to convert into day 
equivalents the total hours spent i^ er operation were divided 
by the relevant operation norm.
2, For details of calculations and assumptions see 
Appendix 1B'.
- 119 -
TABLE 17 
CASE STUDY MODELS
Actual and Potential Availability of 
Family Household Labour and Actual 
Hired in Labour and Expected Uppjer 
bounds, (Days)
Labour
Constraints
Family 
Household Labour Hired in Labour
Actual Potential Actual Expected
I March 1-12 1.4 13 9 35
II March 13-31 9.3 27.1 l4 35
III April 1-13 4.6 18.2 4o
IV April 16-30 9.3 19 5 20
V May 1- ? 2 10 4 7
VI May 8-16 15.2 16.7 12 16
VII May 17-31 23.9 24.3 9 30
VIII June 1- 7 7.4 9.1 5 16
IX June 8-16 13.2 15.7 4 12
X June
0>A1i>-H 12.6 20.4 1 30
XI July 1-13 7*2 20.7 40
XII July 16-31 7.1 24.1 30
XIII August 27.2 37.2 70
XIV September 27.2 37.2 80
availability of labour to hire in during any labour period. 
The CS claimed that for him labour was not constraining but 
he did admit limits, particularly during certain labour 
periods, to the amount of labour he expected to hire in.
His actual and expected amounts of hire in labour appear 
in Table 17* The expected hire in labour during the most 
constraining four labour periods were sx^ecified as upper 
bounds in some versions of the model i.e. periods V, VI, 
VIII, and IX,
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3*2,3* Capital
3*2,3*1 * general, our questions on financial status were
politely evaded and tentative estimates had to be made of 
the capital supply available to the CS during 3-965-66.
Two methods were used. First, expected household expend­
iture for 1965-66 was deducted from estimates of income 
from crops and derivatives during 1964-6$. Household 
expenditure requirements were observed to take precedence 
over those of the farm: upon the sale of cotton a lump
sum was put aside for household needs and the residue used 
t o buy far 111 inpu t s . Us ing t h is me tho d , the e s t ima ted 
capital supply amounted to LS 2.098. Second, we estimated 
the expenditure on farm inputs and hiring of services 
during 1965-66 which amounted to LS 2001. The higher value
was adopted to represent the capital avaiJ.able for farm
expenditure at the beginning of the year,
3.2.4. Water Supply
3 .2.4.1. The total water fights for fields one and two were
four hours and eight minutes per irrigation with a water
discharge of 4-0 litres per second i.e. 595*2 (000 litres)
per irrigation. From April 23 to August 28 records were
1
kept on water use for each field. This information was
1. For detai3.s of these records and calculation of crop 
water requirements see Appendix ’ B*.
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used to specify the irrigation constraints and calculate 
the crop water requirements.
3. 2. (fc. 2 . The CS was able to hire in 93 minutes of water at
(tO litres per second i.e. 230 (000 litres) T3er irrigation.
One hour of hired water may fetch anything between
LS 100 to LS 150. The CS paid LS 159 for the total amount 
hired i.e. LS 100 x>er hour. Lack of sellers prevented 
hire in of additional water so that in all the CS models 
the amount actually hired in was the maximum allowed. 
However, in one version this bound was relaxed to assess 
the rationality of hiring in more than was actually hired.
3 *2.4.3. Hater s^^pply during any irrigation may be augmented
by borrowing. The CS borrowed small amounts of water
from his brothers. Again the actual amounts borrowed
were considered the maximum available. However, it was
observed that during the first four irrigations (April 27-
May l(t) the possibility of borrowing water without
reciprocity was much greater than shown by the behaviour
1of the CS. Thus, in some versions of the models 
unlimited water borrowing was allowed during these 
irrigations.
1. The x>ractice was to leave cotton without irrigation for 
one month from the date of sowing. Most of the farmers 
sowed cotton between April 23~May 7 which resulted in 
considerable slack water.
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3*3* Land Use
3.3*1* Land use on the fields^- of the CS during a three year
period showed two differences as compared to that of the 
sample: land fallowing was absent and most of the cultivated
wheat was of the Italian variety (Figure 7)* The only 
fertilized unirrigated crop in 1965-66 was Italian wheat.
The yields of the CS were between 15 to 20 per cent higher 
than the average yields attained by the sample. In the 
case of cotton the CS used water and natural fertilizer 
more intensively per du. than the majority of the farmers*
For the unirrigated crops he emphasized the importance of 
purchasing MhealthyH seeds from the city in contrast to 
the common practice of using on-farm stocks.
3*3*2. We tried to take account of these differences by
calculating the coefficients of the CS model from the 
records kept of his specific situation. The detailed 
observation of the CS also revealed attitudes towards 
capital borrowing and leisure. The significance of these 
attitudes to cropping patterns and income level were 
explored.
3.4-. Decision Making
3.^.1. Decision making was observed to be the function of
the male household head. In nuclear households, including
the 03, the role was assumed by the husband btit in extended
1. For land use on each field from 1961-62/1965-66 see 
App endix 'B 1.
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Figure 7 
CASS STUDY MODELS 
Land Use 1963-64/1965-66
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households the decision maker- was not as clearly ident­
ifiable and two or more males collectively shared this 
function. he also need to identify the factors influencing 
the decision making process. In particular, the perceived 
goals of the decision maker, the obligations and rights 
of household members, and attitudes of the decision 
maker that are germane to goal seeking.
3.4.2. Even though the CS received help from his brother’s 
extended household there was no evidence that the ejected 
help influenced his decisions on cropping pattern or that 
the two households cooperated to produce a collective plan. 
On the other hand social custom did not require the CS to 
consult with the members of his household in running the 
farm or expected him to fulfil specific obligations in 
return for their work. Admittedly the revealed consumption 
of Harnari wheat by household members probably influenced 
the CS to grow this particular strain but it was a 
preference which the CS shared.
3.4.3. This study assumes that the objective of the CS is 
profit maximization* In Chaxoter Four (4.3.1,3.) we 
discuss revealed attitudes of the CS which conflicted with 
this assumption and how we tried to ascertain their 
significance for the otitcome. In principle we can handle 
situations where the pursuit of profit may be constrained
- 125 -
by preferences as long as we are aware of the nature of 
such preferences. We also argued, in Chapters One and Two 
that farmers did not appectr to follow conscious rules 
to mitigate the effect of a possible drought. Thus, 
though we recognise the presence of uncertainty we 
maintain that farmers were not able to adapt their plans 
to cushion its effects.
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CHAPTER FOUR 
STRUCTURE OF THE MODELS 
4.1 The Logic of Linear Programming
4.1.1, In Chapter One we explained our analogue of the DMS
of the farmer. We postulated that behaviour is constrained 
and that it would respond to changes in constraints and 
production/exchange opportunities. We argued that LB 
can be used to gain an improved understanding of farmers* 
behaviour which is essential for policy formulation.
4.1.2. The LP matrix simultaneously defines interrelationships
between constraints (limits of choice) and production/exchange
opportunities (area of choice). The definition is in terms
1of a set of simultaneous linear equations. The size of
the matrix depends on both the complexity of the farming
situation to bb represented and our purpose. The largest 
of our models consists of 13$ equations and 200 variables 
but size per se does not guarantee the relevance or 
effectiveness of the matrix in defining and analyzing
1. Stated formally:
Max : C .X .
J J
S ,T, Ax ^  B j = 1 n
And xi ^  0 i = 1, .... , miwhere
C; is 1 x n matrix of gross incomes less variable costs 
from activities,
Xj is an n x 1 matrix of the level of each activity,
A is an m x n matrix of technical coefficients augmenting 
or drawing on fixed resource i for each 
unit of activity j.
B is an m x 1 matrix specifying the availability of 
fixed resources.
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the problem. However, the capacity to handle this number 
of variables porovides the possibility of a framework that 
can consider the farming situation as a system permitting 
representation of its overall structure and the inter­
dependence of its elements. The degree of refinement 
feasible in such representation is very great. The 
present models reflect those elements judged to be 
relevant to our concerns.
4.1.3. In applying the paradig'in we should guard against
a pitfall not mentioned previously (1.2): of representing
in the model what we wish to depict rather than what an 
adequate representation of the situation demands. It is 
most unlikely that two independent researchers observing 
the same situation and working on the same problem will 
formulate identical or even similar matrices. There is 
a great deal of s u b j e c t i v i t y  in the use of the paradigm 
which is accentuated by the absence of criteria which 
define the correctness of representation and established 
conventions for simplification of representation.
4.1.4, Our models, which consist of a set of assLimptions, 
were intended to explore the capacity of the paradigm to 
represent realistically an observed farming system in 
order to evaluate its potential for policy formulation. 
Even though these assumptions were based on ex post
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plans and farmers' statements they could not be divorced 
from our own perception of the farming situation. Thus, 
it is essential to discuss these assumptions in the context 
of the reality they attempted to approximate# We wish 
fir'st to discuss the purpose of our models and then to 
consider the assumptions underlying the activities and 
constraints.
4.2. Purpose of the Models
4.2,1. Hypotheses
4,2*1.1. Concexotually we can visualise two'possible positions 
of the decision maker in relation to his transformation 
curve* The first is a stable equilibrium where re­
allocation of existing resources would not significantly 
improve his position# A necessary condition for improved 
income levels is an outward shift in the curve, which may 
be brought about by a technical breakthrough (e.g. a 
'miracle1 seed). The second is where the farmer is 
tending towards an efficient point. The gap between his 
actual position and the equilibrium point, and the rate 
at which adjustment has to proceed through time, may 
become of central interest to policy makers,
4.2.1.2. We hyx3othesi2;e that, given the state of arts, 
farmers have allocated their resources efficiently. Our 
first aim was to assess the validity of this hypothesis
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in the context of the DME of the farmer as explained in 
Chapter One* We then proceeded to investigate the 
implications of a set of policies in relation to their 
X>ossible impact on income level and the components 
of the depicted farming situation. In so doing we hoped 
to demonstrate the power and limitations of the x>arQdigm 
as the basis for the formulation of agricultural policy.
4.2.2. The Two Stage Approach
4.2.2.1* Because the potential impact of policies depends on 
a proper diagnosis of the farmers’ DME, agricultural 
planning procedures must take account of micro realities. 
Some of the dimensions of the DME (resource structure) 
can be readily identified and quantified but others 
(attitudinal factors) are difficult to identify let alone 
attach values to. Because we cannot assume farmers to be 
homogenous with respect to the dimensions of their DME 
we have to discover their heterogeneity and its significance 
in relation to potential responses of farmers to policies.
4.2.2.2. Our observation of the farming situation in Khaldeyeh 
during 1965-66 led us to hypothesise the existence of a 
master DME with respect to attitudes and x)erceP'tion 
opportunities (See 1.2,4.5*)’ Ere further argued in Chapter 
Three that study of the actions of leading farmers should
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provide insights into the dimensions of the master DME. 
Hence, we selected and investigated the situation of a 
leading farmer using different assumptions about his 
postulated DME.
4.2.2.3« Results from the CS helped us to decide on the
number of relevant dimensions along which our universe 
of farmers may be distributed. Our purpose being to 
investigate the jootential responses of sub-sets of farmers 
to
4.3 • Formulation of the Case Study Models
4.3.1. Initial Considerations
4.3.1.1. Although LP models are used normatively to recommend 
jjlans rjromising greater potential returns, we intended to 
use it positively. Our initial concern was to understand 
the logic of the existing farming system.
4.3.1.2. To predict the actual plan, the choice boundary 
together with the farmer’s objective function must be 
correctly identified and specified. Our models were 
subjectively formulated by ashing the CS about his ex ante 
expectations (prices, yields, labour hire in etc.) and then 
observing the ex post outcome.
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4*3*1*3* Retrospective model formulation can result in a 
tautological model which, by definition, predicts the 
ex post plan without having the capacity to deviate from 
it* For example, at the beginning of the year the CS 
said that he preferred to consume Hamari wheat. On 
the strength of this we could have inserted a minimum 
consumption constraint in the model. This would have 
forced Hamari wheat into the solution to the level 
observed in the ex post plan. Farmer statements should 
not, however, be accepted a priori as valid because the 
decision to grow Hamari wheat may not have been exclusively 
determined by his consumption.preference. Suppose, as was 
revealed by the logic of our models, that it does not pay 
to cultivate Hamari wlieat. Can the model provide insights 
into possible reasons, other than forgone returns, for 
the deviation between its prediction and the observed 
behaviour? We have also to establish whether the CS was 
aware of forgone returns which may be used as one measure 
of the strength of his preference. Simultaneously his 
awareness may be invoked to cast doubt on the validity 
of our simple objective function. For it is possible 
that he may hold other preferences which are not consistent 
with profit maximisation.
4.3.1.4, Probably farmers are not maximizers of any single
thing. It is not operationally helpful to say that they
- 132 -
maximize utility because the shape of this function is 
hard to elicit from farmers1 statements and ex post 
plans. However, the assumption of profit maximization may 
he qualified in terms of insight on farmers' preferences 
and aversions. In particular it is important to identify 
the attitudes of farmers toward risk: where risk consider­
ations are an important component of the DME, their omission 
may result in solutions giving excessive activity special­
ization which would overestimate the potential response 
for activities of high variance in yields and/or prices.
Several methods employing different decision criteria 
can handle risk at the farm level. These can be broadly 
classified into two groups: the first deals with risk as
it affects opportunity (production possibilities) and the 
second concentrates on the preference schedule of decision 
making.
^•3*1*6. Herill asked: how do decisions from various models 
differ with real data? He used data from a typical farm 
in California to run three different decision making models. 
Comparison of the solutions led the author to conclude:
1!. . . the results of this study is consistent with the
1* The models considered were (a) DLP model; (b) dtochastic 
model; (c) Linear Programming model.
Merrill, op. cit.
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hypothesis that, in many cases, the solutions obtained
from sophisticated planning models will dialer very little
1from those obtained from standard LP models*” The 
reason behind this conclusion is the large difference in 
the mean profitability of activities as compared to trieir 
variances•
4*3*1*7* Now consider our situation. The sources of risk
which we will consider are:
(a) Yield expectations;
(b) Price expectations.
4.3 *1*8. Syria sniffers drought conditions once every three to 
six years (1931, 1955, 1959-61, 1966), which results in
almost complete failure of the unirrigated crops. The 
1959-61 drought was exceptional; farmers .recalling a 
similar drought in the early 1930’s. Comparisons of 
yield expectation at the beginning of the research year 
(November 1965) with the estimate of realized yields for
the normal year of 1964-65 and the drought year of 1965-66
appear in Table 18.
4.3.1.9* The average realized yields as a per cent of average
expected yields in 1964-65 was between 84.5 to 87 cent
for unirrigated crops and 82.2 to 97*^ per cent for cotton. 
During the drought year of 1965-66 these percentages were
1. Ibid., p.610
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22 to 29 *2 per* cent and 82 to 97 per cent respectively. 
The expected range of yields and their respective means 
were higher than those realised. Farmers1 expectations 
were more accurate in the case of cotton than unirrigated 
crops (See Table l8).
4.3.1.10. It has been empirically demonstrated that farmers* 
decisions are influenced by the realized mean yields 
and by their associated variances.'*' If in the activity 
space there exists a sub-set of crops with low variances, 
they might be preferable to crops with higher means and 
variances. In Khaldeyeh the coefficient of variation 
of unirrigated crops was similar both in drought and 
normal years. Thus given the piositive correlation in 
yields and similar relative dispersions, diversification 
of the product mix is most unlikely to be effective in 
cushioning the effect of possible swings in income.
4.3*1.11. The other factor affecting relative crop returns is, 
of course, prices. Here the prices of unirrigated crops 
move in the same direction while maintaining their 
relative differentials as shown in Table 19* The only 
exception is cumin which seems to follow a cobweb p)a'ttern 
Farmers are aware of this volatility and the majority 
avoid cumin cultivation for this reason. Those who
I
cultivate cumin based their decisions not on a risk 
minimizing criterion but on hunches as our CS did.
1. DasSupta, op.cit.
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TABLE 19.
Average Wholesale Prices of Crops 
During August 1957"1966.(LS/Kintara )
Crop 1957 1958 1959* 1960* 1961* 1962 1963 1964 1965 1966*
Italian
Wheat 58.8 64 71*7 84.5 97*3 71*7 56.3 57*6 56.3 89.6
Hamari
Wheat 46.1 51. 2 6l.4 76.8 89.6 64 53*7 51.2 48.6 84.5
Leiitils 81. 9 104.9 148.4 153*6 97-3 61.4 56.3 53.8 76.8 115.2
Vetch 52.5 58.9 69.1 81.9 64 61.4 64 57*6 56.3 89.6
Barley 30.7 43*5 51*2 51*2 38.4
r*r r-* OJ>5 .0 38.4 4-6.1 4o. 9 64
Cumin 268.8 332.8 64-0 486 24-3 192 273.9 364 537*6 441.6
a Kintar equals 256 kilograms 
* Drought years *
4.3*1*12. We believe that profit maximisation is a good approx­
imation of the objective function of our farmers. We 
further assume that price and yield expectations in period 
t are based 011 realised prices and yields during a normal 
year •
4.3*1*13- The other important consideration is that our models
are static: decision outcomes are manifested over one
1
year only* The relevance of our models depend on the 
characteristics of the depicted sittiation and on whether 
these characteristics can be incorporated adequately in a 
single period model.
1. An LP model can be dynamised in the Hicksian sense by 
simply dating the activities and constraints. The advantages 
of thus including the time factor explicitly into the model 
dei3ends on the time horiaon within which decisions are 
bounded and the nature of the decisions involved.
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4.3*1*14. V7e have argued that our observed farming system
is of a stable core type (See 1.2.4.4.) In order to
represent the DME in a single period model we must 
demonstrate that the decision consequences reveal 
themselves within the specified time period. The 
decisions that concern us are:
(a) Decisions on product mix and resource use;
(b) Decisions on investment.
4.3.1.15* All the crops cultivated in the village were
harvested within one year. In Chapter Two we tried to 
show that expectations and realised yields were independ­
ent of the rotations followed. However, there is one 
rotation which farmers thought to have a direct effect 
on yield: the £>ractice of fallowing the unirrigated
land once every two or three years. But the observed 
yield differences between crops on tallowed and non­
fallowed land was small.
4*3*1*16. Lastly, we need to consider the scope for capital 
accumulation which was, due to the low income levels 
of the majority of farmers, limited. The only investment 
possibility we consider is purchasing a dairy cow, which 
could be adequately handled in a single period model.
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4. 3 * 2 • The Brandling of CS Models
k. 3.2.1. To exp)lore the existing farming system two variants
of the CS model were specified. System X depicts the 
observed attitudes of the CS and System IX the observed 
choice situation (Flow Chart 2)*
1.3.2.2. In at least two resjaects the CS was observed not 
to conform with our perception of profit maximisation. 
Firstly, he did not borrow and exx3ressed himself averse 
to borrowing. The strength of this aversion was 
expressed by the high rates of return to borrowing 
revealed by our solutions; Secondly, labour was hired 
in for operations equally performable by household labour 
but allied to this was the reluctance of household members 
to hire out services. Again our solutions indicated 
the profitability of hiring out the services of household 
labour and reducing the amount of hired in labour*
'±.3.2.3. To account for observed attitudes we specified two 
systems. System I conforms with the revealed attitudes 
of the CS by excluding capital borrowing and hire out 
hoLisehold labour but allowing unlimited hire in labour. 
Their implications were eX£)lored in System II by allowing 
capital borrowing and hire out household labour during 
periods where employment opportunities are likely to be 
available, and placing Lipper bounds on hire in labour 
during peak periods#
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4. 3.2.4. Flow Chart 2 presents a schematic picture of the two
systems and their variations. Initially each system
branches into two sub-systems differentiated by the
1assumed availability of household labour* The sub­
systems are then explored by assumptions such as 
availability of circulating capital., availability of
water, subjective discount rates of borrowing and
2others (See Flow Chart 2).
4.3*2.3* The existing farming system was explored under eleven 
postulated variations and fifty one solutions were analysed 
(Flow Chart 2). The variations were undertaken to demon­
strate the capacity of the paradigm to furnish explanations
of the logic of the ex post plan.
1. A difficulty arose with the specification of the 
values of household labour and upper bounds on hire 
in labour. ¥e may recall that due to the drought a sizeable 
area of the unirrigated Ihild was not harvested. This will 
have resulted in actual household labour inputs and/or 
hire in labour being less than intended. \7e postulated 
two household labour availabilities; the first being the 
actually observed and the second the potentially available. 
Upx-)er bounds on hire in labour during peak labour periods 
were based on the expectations of the CS for a normal
year. (See Table 17 in Chapter Three).
2.. To facilitate exposition we shall adopt the following 
notation with reference to Flow Charts 2, and 3*
- let Roman numbers designate systems
- let capital letters designate sub-systems except the 
letters OS
- let the letters OS stand for optimal solution
- let integers be used as subscripts to Capital letters 
and optimal solutions to indicate variations on a 
sub-system or the number of solutions.
I
3
I
s
s?•rt
S
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4.3*2 .6, Our understanding was, however conditional on the
postulated variations. Except for variation II130 , basedcL
on CS1s expectation of broad bean yield, and the assumption
of doubling the water availability, the rest of the variations
were suggested through analysis of the initial solutions
1to sub-systems IA, IB, IIA, and IIB* For example, the 
first four solutions showed high potential rates of return 
to capital, focusing our interest on deriving a stepped 
fuhction of the MVP of capital.
A.3 *2 .7* In principle, there are a large number of possib1e 
variations which can be reduced by specifying x^^'ticular 
aspects to explore. Our interest is in demonstrating 
the usefulness and limitations of the paradigm as the 
basis for agricultural policy formulation. In particular 
its predictive capacity and ability to generate hypotheses 
to explain observed behaviour. We have attempted a small 
number of variations hoping to demonstrate these two 
aspects.
4.3*2*8. In the existing farming system we explored the consequences 
of releasing some of the constraints. Except for the 
introduction of broad beans (IIB^) the same crop sub-space
1. For each sub-system we assumed the same level of CS 
resources via. land, capital and water. Four solutions 
were obtained and analyzed. The analysis suggested to 
us particular aspects e.g. capital, availability, worthy 
of following up.
14:2
is assumed over all the variations. The implications 
for new cropping alternatives and mixed farming were 
articulated in systems III, IT, V and VI. In these 
systems five variations were postulated and five 
solutions analyzed (Flow Chart 3)•
T.3•3• Structure of the Models
While there are unique ways of formulating 
activities individually there is no unique way of 
formulating the activity/constraint matrix: they
define each other. However, for exposition purposes 
we intend to discuss them separately.
4.3.3 .1. Activities
The largest version of the model has 200 activities. 
These can be classified as folloxvs:
(a) crop activities;
(b) hiring and borrowing activities;
(c) selling and buying activities;
(d) transfer activities.
(l-.3*3*1*1* Crop Activities
Refer to Matrix 1 which depicts the boundaries 
of the five farming systems. System II represents the 
observed situation of the CS. Between i960 to 1966 he 
cultivated eight different crops which are represented
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in the model. Flexibility in the choice of crop 
cultivation is allowed for in forty eight processes 
(ray vectors). A brief discussion of the factors 
influencing their selections will follow.
The selection of x3rocesses is equivalent to the 
identification of discrete points on an isoquant i.e. 
ray vectors. The number of ray vectors to be represented 
depends on the obsei'ved/expected isoquant contour map 
and associated variability in factor proportions explicit 
in any given isoquant. In our situation, typical farmers1 
answers on their yield expectations were stated within a 
range i.e. contour maxo* Our problem was to discover 
whether farmers attached high x>robabilities to a number 
of discrete points (isoquants) within this range. he 
also had to understand their perception- of the factors 
influencing these farmers follow some
decision criteria about the likely occurrence of different 
states of nature, e.g. drought or normal year, and provided 
ex ante plans are influenced by the expected state of 
nature then we need to hypothesise about these criteria 
before we can decide on the ajspropriate model to use.
We have argued that the farmers’ behaviour revealed by their 
ex post plans are independent of the state of nature (amount 
and pattern of rainfall). hence, we have concentrated on 
the OS’s perception of operations necessary to attain his 
expected yields as the basis for the i"ay vector sioecif ication.
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For each crop we asked the CS to list the operation 
sequence necessary to attain an expected yield daring a 
ijorsna 1 year.^ Expectations were elicited on three discrete 
points (minimum, average, maximum)* In the case of unirri­
gated crops realised yields during 1964-65 were checked 
against these expectations. Every observation Fell within 
the expected min-max, range. In general expectations were 
persistently higher than actual realised yields i.e. actual 
yields nearer to the minimum point than the average. However, 
discrepancies between the actual and the expected average 
yields were not serious.
Except For Italian wheat and cotton, one yield level 
was specified for each of the remaining crops. These 
yields were based on estimates of realized yields during
1964-65 for unirrigated crops and realised yields during
1965-66 for the irrigated. For cotton and Italian wheat, 
the CS maintained that had it not been for lack of capital 
he would have used more natural fertilizer on cotton and 
also applied higher usage of chemical fertiliser to Italian 
wheat. In addition to the two observed levels of natural 
fertiliser used by CS 011 cotton we specified a high 
fertiliser cotton activity where yield was based on the 
average expectation of the CS. In the case of Italian
1. A normal year refers to a modal state of nature, i.e. 
that which most commonly has been occurring during the 
CS experience as a farmer. In fact the CS and the majority 
of fanners referred to 1964-65 as being such a year.
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Italian wheat the extension service in llama had conducted 
(I963“64) two experiments each using three levels of 
chemical fertiliser dosage on farmers fields in Ivhaldeyeh. 
The average realized yields of each fertilizer level were 
used to specify three yield levels*
Aside from fertilizer level the other considerations 
in the specification of processes x\”ere:
(a ) 3 owing dates;
(b) Weeding dates;
(c) Threshing and winnowing dates.
For example, assuming sufficient water was available for 
cotton, the CS hypothesised that the level of expected 
yield depended on time of sowing, fertilizer dosage and 
number of weedings. All cotton growers performed the 
necessary two x^eedings. Hence the CS concentrated on 
fertilizer dosage and sowing dates. Three fertilizer 
levels were specified: two of these were observed in
1963-66 and one was based on CS expectations. As weeding 
dates are time bounded by the sowing dates three normal 
sowing dates were postulated. In addition, a late sowing 
date was included to allow for the possibility of double™ 
cropping provided the farmer was willing to suffer an 
expected 10 per cent loss in the value of late cotton 
due to the danger of being stained by early rains. Given 
three levels of fertilizer and four sowing dates, twelve 
processes were needed to represent the range of choice*
*
- 148 -
For two of the sowing dates one of the two weedings may 
be performed in either of two labour periods (constraints).
Six more processes were included to provide flexibility 
in the choice of weeding dates. Thus, a total of 
eighteen cotton processes appear in System I (see 
matrix 1 ).
Factors similar to those of the cotton example were 
taken into consideration to specify the rest of the processes.’ 
Our aim was to reflect the situation of the CS using his
expectations and ex post plans and his perception about
2factors which may affect yields.
In systems III, IV, V and VI, new and quasi~new choice 
alternatives were introduced. Sugar-beet, alfalfa, and 
dairy cow are totally new activities. Information on sugar- 
beet liras secured from the neighbouring village of Kfarbo 
while information on the latter two activities was obtained 
from the dairy cow experimental station at Jeb-Ramleh. 
Vegetables were grown in small areas for household consumption 
because, according to the CS, they required r*elatively heavy 
labour (weeding and picking) and capoital (fer’tilizer) inputs 
which were more important, in his opinion, than a possible
1. For a detailed discussion of these factors in relation 
to each crop see Appendix •G’,
2. An example is the expectation of CS that with high 
dosage of fertiliser more weed growth is expected. Thus, 
the weeding requirements per clu. were increased by SO per 
cent and ■ 4.0 per cent for weeding high dosages fertilizer 
process as compared to the low level.
marketing constraint. The validity of these reasons was
explored in the context of the actual available capital
and CS expectations about hire in labour. Furrow cotton
was introduced to investigate the rationality of its
rejection by the CS and his brothers. Some vegetable 
X
yields were based on those attained by the CS and some 
members of the sample diiring 1965-66 while information on 
furrow cotton was obtained from the extension service 
department in Hama.
Except for okra, tomatoes, squiash, cucumber and 
dairy cow production, activities were specified as produce/ 
sell* However, in System V the dairy cow required barley, 
vetch grain and straw and to allow for either buying or 
producing these the production and selling activities of 
barley and vetch were specified separately. The expenditure/ 
income profile of each produce/sell activity was realistically 
represented through the use of ten dated circulating capital 
constraints•
The production set is composed of two stib-sets. The 
first (Systems I and II) depicts the existing range of 
choice for eight crops specified in terms of forty-eight 
processes (ray vectors) to allow flexibility in the choice 
of sowing, weeding, harvest, irrigation dates and fertilizer 
intensity. The second sub-set widens the area of choice 
by including new and quasi-new production alternatives
1* A note on the estimate of vegetable yields appear in 
Appendix ' B*.
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(Systems III, IV, V and VI). Vegetables (okra, tomatoes, 
squash, encumber) and furrow cotton were considered as 
quasi-new since vegetables were grown on a small scale 
principally to meet household needs while the CS participated 
in a furrow cotton demonstration (1965-64) which was 
initiated and supervised by the Agricultural Extension 
department. The new crops comprised sugar-beet, dairy 
cow and alfalfa.
There are two implicit assumptions underlying the 
production set. First that the CS has no preference or 
aversion towards the cultivation of any of the production 
activities specified in the models other than their 
respective contribution to trie objective function. In 
reality, farmers, including the CS, do hold preferences 
such as:
(a) Hamari wheat.is preferred to Italian for 
making bread.
(b) Harvesting barley and wheat by sickle is much 
easier than uprooting cumin, vetch and lentils 
by hand;
(c) Picking okra is literally a thorny job.
The problem is not to elicit statements about preferences 
but how to include them in the model without unduly 
constraining the area of choice. One could use minimum 
constraints (consumption preference) or arbitrary cost
£
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/
penalties (harvesting and picking) but this would pre-
*
judge these attitudes as significant in the choice of 
cropping patterns before ascertaining whether in fact 
they are. We have decided to assume that the farmer
T
is neutral and to interpret the solutions in the light 
of such revealed preferences.
Second, it is assumed that the new production 
possibilities are within the managerial capacity of the 
* CS which may not be true for the dairy cow. High hygienic
standards are required while the CS must be willing and 
able to call on the available services of a vetinary 
if need be. It is felt that the livestock practices 
observed at the Experimental Station in Jeb-Ratnleh, are 
not beyond the learning capacity of the CS provided these 
practices are adequately explained and demonstrated,^
4,3*3*1* 2, Hiring and Borrowing Activities
Hiring act ivi ti e s includ e:
1. Hire in Labour
Within each labour period two or more operations
>
were usually performed at differential wage rates. For 
example, during period VIII (June 1-7) 'the wage rate per
i
1, The only provision in the model to reflect a possible 
initial cost of a learning period is to charge a relatively 
high mortality rate of 5 per cent.
4
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day for weeding was LS 2.5 and for harvesting wheat 
LS 6, The mode], contains as many labour activities per 
labour period as observed operations with differential 
wage rates. The potential amount of hire in labour 
depends on the assumed shape of the labour supply 
schedule* We postulated two possibilities: first, hire-in
labour is unlimited during any labour period; second, 
during four peak labour periods the amount of labour hired 
in is bounded from above by the expectations of the C§.
It was also assumed that wage bidding was not possible for 
all the systems i.e. the CS could not attract more labour 
by offering higher wages than those observed,
2. Hire-out HonsehoId Labour
Given employment opportunities, household labour can 
be hired-out during these labour periods provided this is 
consistent with the preferences of household members.
The household head did not participate in weeding 
activities but was willing to harvest cereals and ridge 
land while his wife only performed weeding. Therefore 
separate male and female hiring-out activities were 
specified.
3, Hire-in water
The amount available for hire in by the CS is equal 
or less than the actual amount hired during 1966.
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4* Hire-out water
The CS is allowed to hire out any amount of his 
available water.
Borrowing activities comprise;
1. Borrow water
During slack water periods (from April to early May) 
farmers usually borrow water to flood the cotton land 
before or after sowing. Reciprocity is not usually 
expected unless borrowing takes place, which is seldom 
the case, during the cotton stress pex’iods (July and August), 
The CS borrowed water during eight irrigations in 1966 
which was represented in the model by eight water borrowing 
activities constrained by the actual amount of water 
borrowed in every period.
2. Borrow capital
The model allowed alternately for two capital borrowing 
sources. The first was the possibility of borrowing from 
the Agricultural Bank, The second was the marketing 
agent in the city of Hama who usually charged an interest 
rate of between 7 to 10 per cent of the gross value of the 
cotton produced per du. for every LS 100 borrowed.
Borrowing in the model is therefore conditional on cotton 
cultivation. Cultivation of furrow cotton did not entitle 
the farmer to borrow capital from the agent. This was 
based on the agent’s preference to lend money to those using
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the basin technique as he believed it to be less risky 
than the furrow method.
Selling and Buying Activities
Selling and buying activities consist of:
1. Sell vegetables
Vegetables, except for cucumber, xaroduce a non™ 
uniform stream of output that can stretch up to seven 
months; significant variations in prices during this 
period were observed which made the adoption of a single 
price inap7propriate. Moreover, the amount of tomatoes 
that could be picked per hour depended on their state of 
maturity which necessitated assumptions about picking dates 
in relation to the labour requirements for picking. It 
was also difficult to establish how much a farmer expected 
to unload on the market for each picking and the percentage 
of the total yield spoilt through handling.
In the case of prices a cluster of selling activities 
for vegetable activities, with the exception of cucumber, 
were included in the model depending on the observed range 
of prices and relative rates of maturity. This formulation 
has the advantage of allowing the CS to forego some pickings 
if the opportunity cost of resources tied up with picking 
is higher in some other competing activity. Labour
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coefficients for picking were estimated by assessing 
sub-sets for pickings that were homogenous with respect 
to their labour requirement per picking.
Farmers, including the CS, gave conflicting and
sometimes wild estimates of the volume of vegetables they
thought could be sold. This was not surprising as they
cultivated small areas, mainly for household consumption.
The alternative information source was the market which
was, according to the marketing agents of the village,
1dominated by the cultivators of the "Basateen” who 
produced superior vegetables. In spite of this it was 
of interest to reveal, by assuming no max'keting constraint 
and then hypothesizing one, the implication for income 
levels and resource use.
Unlike other production activities e.g. cereals, a
i
vegetable grower markets the produce at least three times 
a week. Because LP assumes linearity and additivity, 
the number of trips and therefore assumed time devoted to 
marketing the vegetables is not a linear function of the 
level of the vegetable activity. To overcome this problem 
we deducted from the available labour supply (B^ values) 
one third of the CS available labour to represent the 
time spent on marketing during picking labour periods.
1. These are highly fertile lands lying along both banks 
of the Orantes River.
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Tills indirect method works satisfactorily provided 
at least one of the vegetable activities enters the 
solution whichholds in our case.
2• Sell milk
Because the price of milk varied during the year 
two selling activities with different prices were 
included in the model. It is assumed that the CS 
simultaneously markets the milk and vegetables.
3• Sell calf
All products from the dairy cow are assumed to be 
sold during the year. Thus a calf and an imputed value 
to manure represent proceeds other than milk.
4. Other .Selling Activities
In System V the CS is allowed to sell or buy barley, 
vetch grain and straw to feed the dairy cow. Three 
selling activities were thus specified to allow for 
the selling of these products,
5* Buying Activities
The buying of barley, vetch grains and straw whose 
prices are five per cent higher than their selling prices 
is made possible by three activities.
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4.3.3•1•4. Transfer activities
Transfer activities comprise:
1. Labour transfer activities.
There are twenty nine labour transfer activities
which allocate household labour to the respective labour
sub-periods. Household labour may be transferred within
but not between periods. Since each labour sub-period
is fed by a transfer activity the total number of labour
transfers is equal to the number of labour sub-periods.
Labour transfers have zero C.'s which ensures that labour
3
hiring begins only when household labour is exhausted.
2 . Transfer Capital Activities
Nine transfer activities ensure that capital is 
allocated during the year between the ten dated capital 
cons traints.
3• Transfer Land Activity
Crops that can be sown up to May l6th (e.g. late 
cotton) may be double cropped on land released by crops 
harvested before that period (e.g. cumin) or on available 
summer irrigable land. To allow for either of these 
possibilities a constraint receives land from early 
harvested crops and from an activity that transfers land 
from summer irrigable land.
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1. 3 . 3 • 2 • Constraints
Tlie largest version of the model has 130 constraints.
may be gx'ouped into:
(a) Labour;
(b) Capital;
(c) W a t er ;
(a) land;
(e) Selling;
(f) Upper bounds;
(g) Balances.
Let us consider each group sejxarately.
1.3.3.2.1. Labour Constraints
To identify and quantify the labour constraints 
we assumed the following:
1 . that any activity is composed of a distinct set of 
processes;
2. that labour operations are independent events: if
and are any two operations performed on crop y
then their covariance with respect to yield is zero;
3. that managerial and skill abilities are independent 
of labour organization and utilisation;
4. that any labour operation is divisible and continuous 
there is no team work for any operation;
5. that the marginal disutility of employment during 
any labour period is less than the marginal utility of
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the prevailing wage rate;
6 . that the elasticity of the farmer’s labour supply 
curve is positively sloped with respect to income.
Some of these assumptions especially two and three, 
cind to a lesser extent five and six, do not strictly hold 
in our situation. For assumption two it was stated by 
many farmers that xdiere two readings or more have to be 
performed on the same crop e.g. cotton, the intensity of 
expected weed growth for the second weeding depends partly 
on the thoroughness of the first weeding. Thus, situations 
may arise, not allowed for in our models, where a farmer 
may follow a switching optimal/sub-optimal weeding strategy 
because of different labour expectations for la ire in 
labour and/or differential wages for the two weeding’ 
periods* The problem is to establish or postulate the 
relationship between different weeding strategies and 
expected yields which was not found to foe possible.
Neither was it possible to assess the prevalence of 
switching *
Assumption four implies that the success of a 
particular operation depends solely on the time spent to 
perform it. This may not be true for cotton ridging 
where the farmer’s judgment of basin slope is crucial for 
the uniform distribution of applied water per irrigation
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which in turn affects the expected yields* Our models 
did not allow for different levels of skill and therefore 
did not have the capacity to indicate the extent to which 
optimum plans could be achieved. This qualification is 
more pertinent for the village models than those of the 
CS for the latter were based on detailed observation and 
appreciation of his situation and were related to a 
specific set of realized yields.
Assumptions five and six do not allow for leisure 
preference. However, by postulating two different levels 
of household labour availability (3*2 .2.5.) we were able 
to quantify the cost of leisure as the decrease in 
objective function through the use of actual rather than 
potential household labour.
Consider the specification of labour periods 
(constraints), To determine the time span of each labour 
period, we needed information on the variety of crops grown, 
their rotational sequences, and the timing of crop operations. 
To identify a labour constraint we distinguished between 
postponable versus non-postponable operations. The latter 
have to be performed within a certain time interval if 
expected yield levels were not to suffer. Conversely, a 
postponable operation could be performed during more than 
one time period without adverse effects on the expected 
yields.
- l6l ~
We proceeded by determining the number of time periods
1
and the time interval for each period* All the non-post- 
ponable operations within one time period were aggregated. 
This yielded thirteen time periods within each of which 
at least one non-postponable labour operation had to be 
Performed. The length of each time period was based on 
the daily labour records of the CS and the estimates of a 
panel of farmers about the expected min-max time during 
which any observed operation could be performed in the 
light of the postulated criterion* Seen along a time 
flow chart, we may differentiate between two distinct 
situations in relation to the structure of labour periods:
(a) dovetailing time periods - where two or 
more time periods are distinctly defined 
i.e. the labour supply of one is independent 
of the other;
(b) overlapping time periods - where the 
labour supply of one or more periods are 
dependent,
For the technical formulation of the matrix, our labour 
periods were observed to be of the dovetailing type.
1. Labour periods and constraints are used interchangeably.
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Theoretically, the CS could either hire in labour and/or 
hire out household labour* The wages of hired labour 
depended on the nature of the job and the season of employ­
ment. To account for observed differential wage rates 
within and between labour periods, twenty eight sub-labour 
periods were linked to an equal number of labour hiring 
activities•
4.3«3*S.2* Capital Constraints
The annual expenditure/income profile was represented 
in the model by ten dated capital periods, which allowed 
the identification of capital limiting xoeriods. The 
financial year began in November as cotton, the main 
cash crop was usually sold, in October. November to 
February was a slack period; hardly any expenditures 
were incurred or incomes accrued from farm activities.
Hence, two month periods were aggregated into one 
constraint and each subsequent month as a separate 
constraint. It was assumed that the CS started in 
November with some car>ital any part of which could be 
allocated to any capital period by appropriate transfer 
activities. Capital requirements for household exx>end~ 
iture were deducted from the capital available at the 
beginning of that year: a lump sum was usually set aside
after the cotton had been sold. Cash withdrawals were 
made on a yearly rather than monthly basis.
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ko •3•2 .3. Irrigation Constraints
Each farmer was entitled to 27 weekly irrigations 
(from April to September). As the crop water requirements 
peaked during mid July - mid August not all irrigations 
were limiting# Sixteen irrigation constraints based on 
the following considerations were identified:
1 . Water periods involving activities with different 
water regimes and/or different coefficients were included. 
Every week from April 16 to June 11 was expressed as a 
constraint because there are different water regimes for 
cotton and there is a supplementary relationship
between cotton and onions and between cotton and cucumber 
(See Table 20).
2# Weekly irrigations were excluded if all the irrigated 
crops had the same or higher coefficients during a 
subsequent period and supplementary relations between 
crops were absent. Weekly periods from June 25 to 
July 16 were not included because the water requirements 
of all cropos were either the same (colinear) or lower 
(dominated) than the subsequent periods.
4.3 * 3 • 2 * I• Land Constraints
Soil tests conducted on the CS ’ s two irrigable 
fields showed that land was homogenous with respect to
- lbft -
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fertility. In the model we distinguished between irrigable 
and unirrigated land. Moreover, since activities were 
not defined in terms of rotations, rotational limits had 
to be sjoecified. Land constraints were specified as 
follows:
1 . The total cropped area must be ecxual to or less than 
the total available land;
2. In order to differentiate between winter and summer 
irrigable land we introduced fwo constraints. Given a 
two year rotation, the irrigable winter or summer cropped 
area must be equal to or less than half the total 
irrigable area;
3* Crops that could be cultivated on both irrigable 
and unirrigated lands were grouped into cereals (excluding 
barley), and pulses. For each group the area must be 
equal to or less than half the total available land;
4. As barley is usually cultivated on unirrigated land 
we included a constraint to ensure that the area of barley 
is equal to or less than half the unirrigated land. The 
land sub-matrix appears below.
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MATRIX 2 
Case Study Models 
* Land Sub-Matrix (Dunums)
Constraints
B
Winter 
Cr ops
Summer
Crops Cereals Pulses
. ------- n
Barley
Sign Value
Total Land % 80 1 1 1 1 1
Irrigable land- summer Z' 22.5 1
Irrigable land- winter z 22.5 1
Cereals land (to 1
'Pulses land z 4-0 1
Barley land 17.5 1
1, Total Irrigable area is 45 du.; total rainfed area 35 dunums.
4. 3 • 3 . 2. 5 • Selling Constraints
To ensure that the amount sold is equal to or less 
than the ainoimt produced an equal number of constraints 
put limits on selling activities.
4.3.3.2.6 . Upper Bounds
These comprise the following:
O'
>
1. Upper bounds on hire in labour
The CS identified four labour periods when the amount 
of available hire in labour would be most limiting (See 
3*2.2.6 .). Hence four labour upper bounds 011 hire in 
labour during these periods were specified.
- 16? -
r
2. Upper bounds on hire out labour
Mine constraints distinguish between and regulate 
the level at which female and male household labour can 
be hired out*
5. Upper bounds on capital borrowing
A constraint limits the amount of capital that can 
be borrowed. This amount was in compliance with the CS’s 
expressed preference,
k . Upper bounds on water borrowing
As the CS borrowed water without reciprocity during 
eight water periods, eight constraints limit the amounts 
that can be borrowed to those that the CS was observed 
to borrow during 1965-66 (3*2.4.3»)*
5. Upper bounds on water hiring
The amount of hire in water is equal to or less 
than the actual amount hired in by the CS during 1966. 
This bound was relaxed in one of the variations,
6 . Upper bound on vegetable production
In some of the variations vegetables can be grown 
on only 10 per cent of summer irrigable land.
r
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4 o •3 « £ * 7 * Balances
These are as follows:
1. Capital borrowing balances
There are nine capital borrowing constraints which 
ensure that for each LS 100 borrowed from the marketing 
agent, 10 per cent of the gross value of one du. of cotton 
is paid as interest (2,5.2 .3 *)*
^ • Double cropping
As cumin and broad beans can be harvested in late 
April to early May, it is possible to use the released 
land for other crops which are sown in May. Thus one 
constraint receives land from harvested cumin and broad 
beans and makes it available to late cotton activities.
3. Alfalfa
Being an intermediate activity, one constraint was 
needed to make the amount of alfalfa produced available 
for dairy cow feed.
4. 4. Reformulation of CS Models To Represent' Stib-Sets of Farmers
4.4.1. Initial Considerations
4.4.1.1. The main consideration is whether or not we can 
legitimately use the results from the CS to generalize 
about other farmers. If farmers respond to policies, be
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n
it a change in choice alternatives or release of a 
constraint, in a similar way to the CS then general- 
3 izations are permissible. Similar responses imply that
the components (dimensions) of farmers 1 DME intersect 
to yield similar ex ante plans, which may differ from 
ex post plans cine to stochastic factors and inter­
personal managerial differences (1.2.4.3*).
4.4-. 1.2. In Chapter II we have shown that similar cropping
patterns occur in the six strata. This led us to hypothesize 
the existence of a master DME (1.2.4.5*)* Selection of 
> processes by Individual farmers to suite their own factor
endowments is akin to sub-routines which function satis­
factorily provided they do not generate infeasible solutions 
to general equilibrium problems particularly in labour use.
* 4.4.1.3* The results of the CS demonstrated the importance of
physical bounds as determinants of behaviour and we expect 
these to be significant determinants of behaviour in the 
case of other farmers.
 ^ 4.4.1.4. Suppose there are two farmers with similar physical
bounds and that the object of the policy is to introduce 
a new crop. According to our argument similar potential 
responses would be expected if both farmers, through 
discussions about the merits of the new crops, based their 
 ^ ex ante plans on a master DME. The history of innovation
r
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in the village indicates that prior to the emergence of 
a master DME a searching period ensues during which 
different sub-routines are tried. At this stage leading 
farmers play a crucial role in articulating the implications 
of new opportunities for improving income levels and their 
compatabiliiy with general equilibrium considerations.
a 4.4,1.5* Our models are not designed to explore learning
processes during these periods of search. We assume 
instead that a policy produces once and for all change
i.e. a comparative statics framework.
■h
4.4.1.6. To represent situations other than the CS we have
to identify the factors that differentiate the situations 
of other farmers from that of the Co. Two essential 
differences were observed. First, the amount and ratios
>
of factor endowments differ and second, the models of the 
CS embody aspects (yield expectation, labour hire in 
expectations etc.) specific to his situation. The models 
of the CS had therefore to be reformulated to allow for 
a range of observed physical bounds and to remove those
j
aspects irrelevant to the situation of other farmers.
4.4.1 .7, Our purposes are twofold. First is to take account 
of the heterogeneity of farmers vis-a-vis their resource 
endowments and second to explore general ecjuilibrium in
r
labour use.
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4.4.1.8* The model we used to explore the DME of the CS was
reformulated to allow for differences in resource structure 
and managerial efficiency as reflected hy the data on 
yields and labour coefficients of the sample. To do 
this we proceeded as follows:
1. From the population census we derived the 
frequency distribution of the universe of 
farmers in terms of the land/labour ratio,
The class interval of the frequency 
distribution was arbitrarily selected at 
9-99 du. per labourer. The universe was 
distributed among twelve classes ranging 
from 0 - 9*99 to 440 - 44-9.99* From
0 - 9.99 to 80 - 89.99 du. the distribution 
is continuous. However, from 9C " 99*99 
to 4-40 - 4-49.99 du. four classes in terms 
of the distribution were identified (See 
Table 21)•
2. The mean land/labour ratio of each class was 
adopted as a proxy to define sub-sets of 
farmers in relation to physical bounds,
1. Four households were excluded from the distribution 
because the household members comprised widows and female 
daughters while their lands were either operated by male 
relatives or share-cropped, The total area owned by these 
four households was 176.4 dunums.
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3. The first four classes account for 84 per cent 
of total .farms, they also account for 86*8 
per cent of potential labour force and operate 
36.6 per cent of total cultivable land. It 
was felt that consideration of these four sub­
sets in terms of holding would suffice for 
revealing the implications of different 
resource structures to income levels and 
general equilibrium effects.
4. Our initial technological matrix was adjusted
with respect to the activity space and technical
coefficients. These adjustments were based on
1analysis of the sample data.
4.4.1,9* Each sub-set was run separately. The first run sought 
to predict the existing cropping' pattern and resource use 
at parametric levels of capital. These i'esults were 
comxoared and evaluated with those of the sample. Next we 
tried to assess the potential for doubling the water at 
parametric levels of cajoital with respect to each sub-set 
of farmers.
4.4.1.10. Evaluation of the likely aggregative impact of policies 
necessitates the consideration of general equilibrium 
effects in the factor and/or product markets. In our 
situation this is especially relevant in the case of the 
labour market and the marketing of vegetables 
(See Chapter Six).
1. For details of the adjustments see Appendix 'S’.
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4.4,1,11. Thus, the basic vnodel of the CS was reformulated to 
represent the situations of the four sub-sets. The CS 
situation differs from those of the sub-sets with respect
\sO *
(a) Resource structure;
(b) Achieved yields;
(c) Situational factors like water borrowing and 
expectations of hire in labour.
The method of specifying the resource structure of each 
sub-set was discussed above. The CS yields, especial3.y 
cotton, were 15-20 per cent higher than average yields 
of the sample. Accordingly the weighted average yields 
of crops attained by the sample were adopted for all the 
sub-sets. Activities based on the CS expectations e.g. 
high dosage of fertiliser applied to cotton or specific 
to his situation e.g. borrowing of water, were suppressed 
while new activities (ray vectors) were added to represent 
range of processes used by the sample buit not relevant 
to the CS*s situation e.g. low level of fertiliser on 
cotton.
4.4.2. Reformulation of the Models
4,4.2.1, The models were reformulated to eliminate aspects 
particular to the CS1s situation and include those 
relevant to the depicted farmers sub-sets. Matrix 3
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gives the structure of the models designed to repcresent 
sub-sets of farmers. The structure of the existing system 
is similar to System 1 of the CS. There are, hov/ever, 
substantial differences between Matrices I and 3 in the 
specification of ray vectors and, of course, resource 
availabilities. For example, in Matrix 3i yields were 
based on those realized by the sample. Additional ray 
vectors were specified for cotton, barley, vetch and 
lentils.^
4.4.2.2 . The branching of the four classes of farmers
considered in this study appears in Flow Chart 4. V/e
start with the existing farming system, consider the
implications of capital availability and then double
2the water supply.
1. For details of the specifications see Appendix ’B'.
2. As before, the letters OS in Flow Chart 4 refer to 
optimal solutions while their subscripts to the reference 
number of each solution.
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CHAPTER FIVE
EXPOSITION AND ANALYSIS OF 
RESULTS - CASE STUDY
5*1. Introduction
5.1.1. The purpose of this Chapter is to test the hypothesis
that given the technique and resource supplies of the CS 
the possibility of increasing his income is small. We 
wish also to explore the potential of new crops and the 
release of constraints.
5*1.2. We tested the hypothesis by comparing the actual
plan - henceforth AP - with four optimum solutions (OS^,
^ 0 6  and OS^^). The CS' s production alternatives
were based on the observed crops and a sub—set of
available processes. For the formulation of OS^ and
OS,-^  the actual observed household labour inputs were
allowed whereas in OS.. „ and 0S„„ an estimate of family
12 3b
labour availability was postulated. In all other respects, 
the resource structures of the plans were the same*
5.1.3* The plan of this Chaxoter is as follows:
First we discuss both the rationale behind the comparisons 
and the ensuing problems. This is followed by an analysis 
of the model’s solutions intended to take account of the 
observed attitudes of the CS (System I, and 0S_^o)
and a comparison of these with the alternative model
- 179 -
designed to represent the observed choice situation
(System II, OS; and OS ) . The AP of the CS is used as 
*■ j 5
a reference point for the comparisons. Our aim is to 
demonstrate the contribution of LP to the understanding 
of the situation and the possibility of using the model 
to predict the consequences of postulated changes* The 
results are reported and followed by analysis of variations 
undertaken to explore the existing farming system (See 
Flow Chart 2)* The implications of new alternative systems 
of farming (See Flow Chart 3) are then discussed.
5*2. Rationale of the Comparisons
5.2.1. We believe that comparison of the solutions with the 
AP can indicate whether the models which represent a 
simplified section of reality, are relevant to observed 
reality. The models are relevant if they possess the 
capacity to predict a plan or a pattern of plans consistent 
with the observed i.e. deviations between the models and 
the AP are not significant.
5.2.2. This raises two allied problems:
(a) The aspects we need to compare.
(b) The specification of tolerance limits within 
which deviations would not be considered 
significant.
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5 .2 .3* h7e need to define our use of the word r,significant"
in this context. VJe would regard a deviation as significant 
if it could not be explained in terms consistent with our 
postulates of the determining role of physical and exchange 
bounds in governing farmer behaviour. The difference 
between the calculated optimum and farmer behaviour might 
be accounted for by inertia: the difference may not
represent a severe degree of disequilibrium in terms of 
the net opportunity cost. Our problem is, of course, to 
judge whether a degree of disequilibrium is severe and to 
avoid the tautology that where the farmer chooses not to 
go for optimum optimorum it is because the potential 
increment of gain is not significant.
5.2.4, In this situation we can only observe the apparent
degrees of disequilibrium and, comparing them with other 
experiences of farmer behaviour, ask whether they are 
consistent with the hypothesis that further refinement in 
optimization is worth the farmer's while. Having done 
that, however, we need to ask further whether our conclusions 
about other policy created opportunities e.g. for improve­
ment from new technologies, are consistent with our observ­
ations about magnitude of potential gains needed to induce 
changes in farmer behaviour.
-  1 81  -
5.3* Existing System of Farming
3.3 .1 . Conclusions
The following conclusions emerge from analysis of 
the models representing the existing farming sj^stem:
1. Models representing both observed CS attitudes and 
choice situation did not produce income levels substantially 
higher than realized, by the AP. In fact, plan 03^ which 
assumed the same level, of available resources as the AP
and maintained the observed attitudes of the CS was 7*7 
per cent higher than the realized returns of the A P  
(See 5*0*2.)*
2. There were a large number of plans giving marginally 
lower than optimal returns but exhibiting different patterns 
of activities and resource allocations. A farmer may prefer
a sub-optimum plan if, for example, it requires a more evenly 
distributed workload than an oj^timal one. Major crop sub­
stitutions (lentils for Italian wheat or vice versa) could 
be undertaken with only negligible improvements to net 
returns.
3. The principal anomaly between the A P  cropping patterns 
and those of the models was the elimination of barley and 
liamari wheat from the latter ( See 5 * 3 • 3 * 3 * ) •
4. The shadow pmices of capital and water were high.
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5. Relieving the cax>ital constraint alone either by 
borrowing and/or postulating varying capital availabilities 
did not result in a significantly improved level of income 
because the MVP of capital dropped quickly due to limited 
investment opportunities. Capital becomes non-limiting
at LS 3?700 compared with the CS1s own supply of LS 2098. 
Assuming no capital borrowing and low levels of capital 
(LS 300 to LS 1000), most of the water would be sold and 
an extensive farming system with a small area of irrigated 
crops would emerge.
6 . With adequate capital, doubling the amount of water 
produced significant improvements in the level of income 
(See 3.4.1.7 .).
7. Double cropping became profitable when the water 
supply was doubled.
8 . The upper bound on hire in labour in labour per'iod VIII 
governed the area under Italian wheat. The remaining three 
bounds did not constrain the choice pattern.
9. There was a substantial increase in total labour use 
in the OS compared with the AP. The feasibility of these 
labour profiles needs to be considered in a general 
equilibrium context (See Chapter Six).
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3*3*2* Met Returns
TABLE 22 
CASE STUDY
Net Retux'ns of AP , 0S^ _, ^ 121 ^ 2 6  anc  ^ 0S„^* (LS)
Item Actuala
Plan
System I System Ila
!
H
 
< 
CO 
H 
O
IB
0S12
IIA
0S2S
iiiil,
OS ^
33
1. Net returns
2. AP as % of 1
3908.8 4214.1
93%
4424.5
89%
4-519*2
87%
4761.5
83%
aThe CS hired out labour for LS 30 during 1985-66, 
This sura was added to LS 3908,8 before computing 
percentages for System II,
5*3*2.1, With assumed coefficients and the revealed attitudes 
of the CS, the AP achieved 93 per cent of the net returns 
of OS^. The household paid LS 210 (OS^ minus 0S^) or 
I- per cent of the actual returns for their leisure preference.
5.3.2.2. Considering', the observed choice situation, the AP 
returns were 87 per cent of the returns in 0So^. ThelO o
increase in income of LS 305*1 minus S^^ -) was caused
by the hiring out of household labour (LS 128,4) and the 
borrowing of LS 1157 from the marketing' agent.
5.3 *2.3* The potential for income improvement depends 011 the 
farmer's strategy. The alternatives include:
- 134 -
1. The CS's attitudes toward borrowing and family effort 
remain unchanged: the AP is adjusted to correspond with 
0 S L .
x
2. The CS is willing to work harder, assumes that the 
utility of extra income is greater than the disutility of 
leisure, but is still averse to borrowing: the AP
is adjusted to correspond with OS .
JL f—s
3. The CS is impressed by the high MVP of capital and 
is willing to borrow but not to sacrifice any of his 
leisure: the AP is adjusted to correspond with OS^g.
4. The CS is willing both to work harder and to borrow 
capital: the AP is adjusted to correspond with 05^^.
.2*4. Our purpose is not to recommend a plan but rather 
to explore the capacity of the paradigm to illuminate 
the implications of alternative assumptions to outcome. 
Thus, the impact of leisure preference over income were 
revealed to be less important than capital borrowing.
Even though an upper bound on hire in labour influenced 
the area under Italian Wheat (lentils substituted for 
wheat) it did not affect the objective function; j3!3213 
may produce similar returns but different technical 
compositions. The farmer may not be indifferent to such 
plans. He may be willing to trade off a very small loss 
in income for a plan with a more appealing pattern of
- 185 --
labour distribution or a more diversified croxoping 
pattern.
5*5*3* Product Mixes
5*3*3*1* Our aim is to analyze the factors influencing the
product mixes of the four OS's and to relate them to the 
pattern actually observed. Figure 8 shows two types of 
differences between the activity patterns of the AP and 
the OS.
5*3*3*2. The first difference is the level at which specified 
activities app>ear in some or all the plans but use 
different or the same processes. These comprise all the 
crops except barley and Hamari wheat. We will consider 
each in turn:
1• Cotton
Although there are differences in the selected 
cotton processes the same cotton levels appear in both 
AP/OS. The AP used fewer intensive fertiliser processes 
and a smaller number of water regimes. Assuming natural 
fertiliser is available and the Co is confident of his 
yield expectations from fertiliser level 3 i it pays to 
use only levels 2 and 3 in the 03 as compared to levels 
1 and 2 in the AP. The quantity and quality of natural 
fertiliser applied dep>ends on its availability and 
farmers' capital supplies. Farmers were nearly unanimous
- 186 -
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in their preference for level two. No one had tried 
level 3 but their expectations were mixed. The CS 
expected high yields from level 3 but his realised 
yields from levels 1 and 2 were also among the highest 
in the village. In terms of du., the AP/OS were the same.
The level of cotton was determined by peak water require­
ments which were assumed to be the same for both the 
AP/OS.
2 . Onions
The supplementary relationship in water use between 
onions and cotton was a continuous source of debate between 
the writer and the farmers. ¥e maintained that slack 
water could be used to increase the area under onions 
while the farmers argued that capital and not water was 
the constraining’ factor. The OS demonstrate that the 
farmers were right, because, as our post-optimal exercises 
will show, at low levels of capital onions disappear’ from 
the 03. Figure 8 shows that without resort to capital 
borrowing (OS/, and 0S1Q) the area under onions is only
V -L £ j
marginally higher than the AP. Capital borrowing allows
more than a 200 per cent increase in the area under onions
i.e. from 2.3 du. in the AP to 7*8 du. in 0S~,- and 0S_„,
25 33
To achieve this increase the CS would have to use four 
water regimes for cotton compared with one in the AP. The 
OS are not only consistent with the observed but they provide 
an explanation as to why some farmers may not grow onions.
3. Cumin
Cumin cultivation was considered a gamble because 
its price varied within and between years enormously^ 
i.e. more than 100 per cent either way from the average, 
l/e tried to correlate the price of cumin from 1957 to 
1965 with the price of' all other crops but none of* the 
coefficients were significant at the 5 per cent level. 
Given both the CS1s expectation about the cumin price 
and his available resources, and are consistent
with the observed. Thus, cumin cannot be "solved" 
without assumptions on price expectations which affects 
wha t else ha opens.
k. Italian hheat (Senator Capelle)
The Italian wheat harvest conflicts with one of the 
cotton weedings and has to be quickly harvested because 
even moderate wind can cause grain shedding. As cotton 
is a more profitable crop, Italian wheat cultivation is 
profitable only if residual laboiir is available after the 
weeding requirements of cotton have been satisfied or 
there is a harvester available. A harvester can be used 
only if the field is of reasonable size and is accessible 
To add another twist, if a harvester is used then the 
grain can be immediately sold in June when the supply of 
capital, as demonstrated by the OS, is still limiting.
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Thus, depending on the June shadow price of capital it 
may still pay to use a harvester even if we assume 
unlimited availability of labour*
In the AP the CS had 25 du* under Italian wheat 
of which l6*5 du. used fertiliser level 1. It was not 
possible, because of the drought, to observe the CS's 
decision on the harvesting technique of Italian wheat 
although in previous years, between one third and two 
thirds of the area was harvested by a harvester. In 
0S^L and 0S^o more than one third of the Italian wheat 
is harvested in this way but in OS,-./- and 0S„_ the Junecdu
shadow price of capital is not high enough (28 per cent 
compared, to 52 per cent in OSjr ) to make the use of a 
harvester worthwhile.
5. Vetch
The OS show that the area under vetch depends on the 
availability of household labour for harvesting. Since 
wage rates in the OS are hig'hef than the MVP of labour, 
it is not profitable to hire in labour for harvesting and 
threshing. Assuming potential labour, OS. produces aX hi
level of vetch similar to the AP. -However, if the CS was
not averse to hire out household labour then it paid him
to reduce the area under vetch as in 0S„„. The loss on
d>3
the margin, as shown by the 3 - c of non-basic vetch 
activities in OS^ is only LS k so that other considerations
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like the appeal of a more diversified plan may prove more 
important than the revealed margin of loss.
6. Lentils
Figure Q shows the relative dominance of lentils in 
the OS. In fact, Italian Wheat can be substituted for 
lentils with a very small change in the objective function 
by simply relaxing the upper bound on hire in labour to 
harvest wheat in labour period VIII. In the new solution 
(OS^)"*" Italian wheat increases from 11.4- du. as in 0S^ ,_ 
to 23*7 du. with a simultaneous reduction in lentils 
from 24 du. to 11.4- du. resxoectively. This major substitution 
increases the objective function by LS 10.6 which is in­
significant in relation to net returns of LS 4761,5
realized by QS_.^ .
3d
5 * 3 * 3 * 3 * The second difference between the AP and the OS is
the elimination of Hamari wheat and barley from the latter 
(See Figure 8). The losses on the max”gin from cultivating 
them aire relatively high (LS 9 for wheat and LS 12 for 
barley). We suggest the following hypotheses as possible 
explanations for the anomaly:
(a) The consumption preference for Hamari wheat 
is stronger than the implied loss .
1. See Appendix ’C ' for the solution of 0S^_.
2 7
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(b) Barley is used, as an intermediate product to 
feed livestock. This is not represented in 
the CS models.
(c) The CS's perception of land fertility in relation 
to yields is such as to bias it in favour of 
barley and Hamari wheat.
5 . 3 • 3 * For bread making, Hamari wheat was preferred to Italian
by farmers. But given the return differential why not
produce/sell Italian and buy Hamari? First, it is
convenient to grow one’s own consumption crop because
there is no guarantee that Hamari wheat would be available
in the market. Even if some farmers were indifferent
towards the two varieties the OS suggest situations where
Hamari wheat might be grown with or even instead of the
Italian variety. A possible situation is as follows: a
farmer who is a risk averter and therefore does not grow
cumin. His fields are too small and/or difficult for a
harvester to negotiate and his total available labour is
just enough for weeding cotton. The CS's cropping patterns
from 1961 to 1966 shows that every year he cultivated
1around 9 du. of Hamari wheat. He would have been worried 
if the CS had contradicted the OS by gx'owing exclusively 
Hamari wheat. Thus, the expressed consumption preference 
is a reasonable explanation for growing a small area of 
Hamari wheat.
1, See Appendix ’B 1,
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5*3*3-5* Being an intermediate product, barley may have a 
lower feed/milk ratio than any other crop but the lack 
of data pz'ecluded investigation of this possibility.
5•3•3•6• Farmers believed that barley thrives better than
any other crop on poor soil. In our model, land was 
assumed homogenous with respect to fertility. In 1966, 
the C3 grew some barley on field 1 where the soil tests 
showed good fertility. Thus, it is unlikely that the 
CS’s behaviour can be explained by this hypothesis.
3*3«3»7« Before exploring the above possibilities we cannot 
say that the CS allocated some of his resources in­
efficiently by growing barley and Hamari wheat. This 
may be inefficient by the logic of the model but not in 
reality. Here, the value of the paradigm is in pointing 
to areas of contradiction between our perception of the 
situation and reality itself; to suggest hypotheses in 
terms of which anomalies are explicable and to explore 
possibilities initially excluded from the model but 
suggested by it as possibly relevant.
5•3•4• • Resource Use and Shadow Prices
5 . 3 • • 1 • Circulating Capital
3.3 .4.1.1 . We explored the significance of capital by first
examining the farmer’s actual capital constraints and then 
the consequence of relaxing the constraints either through 
provision of credit or parametriaation of availability,
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5 .3 * 4,1.2 . Figure 9 shows that flows of receipts and expend-
1
itures of AP, 0S^ _ and are discontinuous and
unsynchronized, Capitalois limiting during the first 
six periods while the distributions of capital in the 
three plans are similar. The irrigated crops (cotton 
and onions) require between 44 to 35 pen cent of total 
variable costs during' the limiting periods although they 
constitute only 20 per cent of the cropped area.
5.3 • 4.1. 3 • Excluding' cash credit, there are two main poss ibilities 
for easing the identified limiting capital xoeriods. First, 
a time lag in payments would not, unless longer than three 
months, significantly alter the liquidity position. This 
is because a high percentage of cash outlays especially for 
fertilizer and seeds have to be met by March. In the 
case of hired in labour there were instances in the village 
where wage payments were delayed, for workers belonging to 
the same sub-lineage of the employer, for three months.
More common was the ability to delay payment by one month
which our models assume.
5.3.4.1.4. The second possibility is to include activities which
feed in revenues during one or more limiting caj)ital periods.
In our models, Italian wheat harvested by a harvester fulfils 
this role since it can be sold in June when capital is still 
limiting. Thus, Italian wheat enters the final basis in
1 . ¥e did not include and because they exhibit
the same x^attern of caxjital distrxbution.
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OS^ but disappears in O S ^  which implies that activities
can enter as suppliers of capital even though in other
1respects they are not efficient resource users.
5 . 3 . 4.1. 5. Assuming the CS is ,-.averse to capital borrowing the
shadow price of capital is 0.53 (the return on capital at 
the margin is 53 per cent). Hence it pays to borrow 
capital if the subjective discount rate of the CS is 
lower than the shadow price of capital. In fact it would 
have paid the CS, as shown by 0Sog, to borrow LS 1157*
This causes the MVP of capital to drop from 0.53 to 0.28 
bringing a change in investment opportunities which 
manifests itself through substitution of cumin and onions 
for wheat accompanied by a more intensive use of fertiliser
5.3•^•2. Labour
5*3«(t.2.1. Drought led, in the research year, to the failure
of the unirrigated crops and to an unusually low level of 
hire in labour. In analysing the labour profiles we
shall compare the OS with the expected labour use of the
AP. Expected labour values were computed by multiplying 
the relevant labour coefficients in the matrix by the 
level of activities in the AP.
1. For a similar result see A.M.M. McParquhar, "The Marginal 
Value Product of Circulating Capital" in Farming - Implications 
of British and New Zealand Cases, The Farm Economist, IX,
No. 12 (1962), p.590.
- 196 -
5.3.4.2.2. Figure 10 gives a weekly distribution of the total
labour use of the AP, anc* ^ 26: aS kbe la^ou:r periods
in the model are not op a uniform calendar length - the 
shortest is one week and the longest one month - the week 
was taken as the unit of account. The total amount of 
labour use per labour period is the sum for cill the weeks 
constituting that labour period. For example, during 
period III (April 1-15) needed "J2 days to weed cumin
and onions; 36 days were used during each of the two weeks 
(See Figure 10). The upper half of the Figure shows, by 
column, all the operations pel” time period and by row the 
crop 01a which the operation is performed.
5*3* (t *2*3* The AP and 0 S ^ exhibit a similar amount and distribution 
of total labour use. Given the difference in product 
mixes such as the substitution of pulses for cereals in 
GS^ and minor adjustments in the area under cumin and onions, 
a more pronounced difference could have been expected. The 
effect is to decrease the amount of labour in period IV and 
increase it in period VI (See Figure 10). Since the 
threshing and winnowing labour requirements are similar 
for cereals and pulses the subsequent use is similar in the 
two plans.
5 o .4.2.4, Consider where a considerable substitution of
cumin, and to a lesser extent of onions, takes place in 
comparison with the AP* In this case the pattern and amount
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oT labour use change as a consequence of changes in the 
product mix. The peak labour periods in AP/OS^ are V and 
VIII. In a new peak emerges in period III. In
addition period VII replaces period VI as the peak period. 
This change in labour use is caused by the increase in the 
area under cumin.
5*3* 4-. 2.5* In Chapter Six, we discuss labour use Tor Cumin in 
the context of general equilibrium use of labour. Mean­
while, with regard to overall implications, we note the 
following points:
1. Assuming full employment of village labour during 
labour periods VI and VII an increase in the area of cumin 
in the village may not make new demands on labour where:
(a) The area is increased by merely substituting 
cumin for a crop that competes with its 
harvest labour. The increase is governed by 
the substitution ratio between the labour 
coefficients of the respective two crops;
(b) Farmers are willing to work longer hours by 
sacrificing some of their leisure.
2. Farmers will try to hire labour by competing it away 
from others. To predict outcome one needs to know the 
limits of their competitive power: wages and social ties*
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3.3 .^.2.6 , Our models for system II (QS^g) assumed limits to 
labour hire during four labour periods (.See Table 23): 
two of these were effective (bounds o?a periods VI and 
VIII). In period VI, cumin and lentils compete for 
labour. Lentils have to be harvested in period VI 
although cumin is not so restricted. In 0Sog, all house­
hold labour plus hired in labour of 15.2 days, out of the 
16 days allowed,was:tjs'edto harvest lentils. But note that
0.8 of one day was hired in to harvest cumin in the same 
period which indicates that the area under lentils was not 
constrained by the upper bound (See Table 23). In contrast, 
the upper bound on period VIII affects the area of Italian 
wheat which, unless a harvester is used, is governed by
the residual labour available after meeting the weeding 
requirements of cotton* Thus it is reasonable to conclude 
that the bounds, except for Italian wheat, did not affect 
the level of the production, activities in
5.3-4.2.7* i shift from farming system I as depicted in OS^ to 
System II results in almost doubling the amount of
hired in labour e.g. from 93 days (0S^) to l8o days (QS^). 
This is caused mainly by the increase in cumin area and
1the application of a high dosage of fertilizer 011 cotton. 
Whether a movement to such a system would be feasible within 
the labour supply and demand schedules of the village
1. More vigorous weed is expected as compared to cotton using 
lower fertilizer dosages, and therefore higher weeding labour 
coefficients were postulated. Appendix !B ’.
200 -
Cr-
O
0“
vO
;-o
o
o
y> Vo
O EJ
rj
o r
Ul vi p
J  ‘ y  
0 Uj ~W (/
J vfl J
j-r- fV CY} O  r/\
fYi m
r- h O  oO Oa —1
r~ O N
(VI
Lo o
cr
X j:
-  201  -
remains conjectural at this stage, However, the substantive 
labour demand of cumin can be used to offer a supplementary 
hypothesis, aside from risk, for not growing more cumin 
than in the AP or OS^ *
5*3*^.2,8* The shadow prices of labour in the OS are higher than 
the wage rates during the first eight labour periods.
Labour is hired in only if the shadow price is equal to or 
greater than the wage rate. Thus, in the rest of the 
periods no labour is hired in in both OS. and 0SQ/-.
JL dj O
3 * 3 * *3 * Irrigation Water
5 *3»^»3 *1* It soon became obvious that water is an important 
limiting factor because the capacity of the main canal 
allows irrigation of only one fourth of the total irrigable 
land. The irrigation sub-matrix is a simple representation 
of a complex decision making situation. The results suggest 
that before selecting appropriate cotton water regimes 
the farmer has to consider:
(a) available capital;
(b) intensity of fertilizer use;
(c) expected available labour during peak laboxir 
periods;
(d) area under crops whose use of water is supple­
mentary to cotton.
These factors impinge on each other to complicate a 
decision on appropriate selection of water regimes.
-  202 -
5*3 *^- ■3 *2. We may illustrate the Interdependence of these factors 
and their implications to water regimes if we start with 
the capital supply* Suppose the shadow price of capital 
is high enough to make the cultivation of supplementary 
crops e.g, onions unprofitable. In this case, the 
selection of cotton water regimes depends on labour 
expectations to meet the heavy weeding .requIreinents of 
cotton. The intensity of weed growth is in turn partly 
influenced by the intensity of fertilizer use which is 
goverxied by capital availability.
5*3*^*3*3* Suppose that capital is not limiting and it pays 
to grow the maximum area of onions in order to exploit 
the full supplementary water use with cotton. However, 
expected labour availability for weeding cotton might not 
be compatible with the selected water regimes. Alternatively 
regimes that are, might not be compatible with water 
requirements of onions. Here we may briefly list some of 
the options open to the farmer. None of these were explored 
by our models but seemed relevant in the light of our 
results:
(a) Farmer selects water regimes that are compatible 
with labour expectations and irrigates onions 
sub-optionally.
(b) Farmer selects water regimes that allow maximum 
use of supplementary water and weeds cotton ,sub­
op tiona lly,
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(c) Farmer follows a switching optimum/sub-optimum 
strategy as the situation develops with regard 
to the consistency between his ex ante labour 
expectation and ex post availability.
5 . 3 • 4. 3 . 4. Table 24 shows water use per irrigation for the AP , 
QS^ and OS^. The OS's select a larger number of water 
regimes. For example, 0S^L which produces the same level 
of onions and cotton as the AP uses five processes as 
compared to three for the AP. In fact, the CS, by using 
one regime on field 1 where onions were grown, forced 
upon himself three main water deficits which could have 
been avoided through the use of the processes indicated 
in OS/j..
5.3.4.3.5. The shadow price of water is governed by availability 
of capital. In OS/j. the shadow price of one hour of water 
(40 litres/sec.) is LS 135 while in it is LS 226.
When the shadow price falls below LS 100, water is sold. 
The Co hired in water (95 minutes) for LS 100 per hour 
which is consistent with the predictions of our models.
5.4. Articulation of the Existing System
5.4.1. Variations_on System I
5.4.1.1. Varying the Capital Supply ~ (^A^ and TB^)
5.4.1.1.1. Product mix, net returns, marginal value product of
capital and water transactions are shown in Figure 11 which 
alternately assumes actual- and potential household labour
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while vai-ying available circulating capital at LS 500 
interval to a non-limiting level of LS 4000. An increased 
supply of capital shifted the farming system from an 
extensive to a cajDital and labour intensive one. This 
shift could have been logically deduced but what the 
model shows, and which could not have been deduced, is the 
absorptive capacity of the system of capital and labour 
and the implications for income levels and resource use.
5.(fc.1.1.2. Water buying becomes profitable at capital levels in 
excess of LS 1500 while between LS 500 to LS 1000 it pays 
to sell water rather than irrigate cotton. This xorediction 
is consistent with the behaviour of both the CS and poor 
farmers. The CS, at an assumed capital supply of LS 2098 
bought rather than sold or refused to buy, water. On the 
other hand some of the poorest farmers were observed to 
sell their water rights indicating an acute shortage of 
capital. farmers who sold water suffered from external 
capital rationing and usually spent the proceeds on 
necessary consumption items* Thus, the more water they 
sold the less cotton they grew which in turn reduced their 
credit supply and their incomes.
5 . !•. 1.1. 5. An increase in capital leads to a shift towards more
capital and labour intensive crops and processes. Substitution
of cereals for pulses in OS., _ and OS (See figure 11)
15 16
resulted in a negligible gain (LS 14) in net returns.
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Inspection oi' the z - c row of the non-basic variables 
showed the existence of multiple optima (zero z - c of 
non-basic variables) in all the 03 together with a large 
number of sub-optimum plans entailing a small sacrifice in 
income as compared with the OS but exhibiting different 
technical compositions* A farmer's choice between optimum 
and sub-optimpm plans may be dictated by considerations 
like product diversification or a more even distribution 
of work load.
5.4:. 1.1.4b. Earlier we showed that for the same assumed capital 
supply of LS 20985 the returns of the AP are 93 per cent 
of the 03^ returns. The returns of the AP as a per cent 
of four other OS's assuming a low caxoital level of LS 500 
and a non-limiting one of LS 3500 appear in Table 25*
TABLE 25 
CASE STUDY MODELS
Net Returns of Four Optimum Solutions and 
AP returns as per cent of OS (OS..,
OS^, 03^, QS^ j,)
Capital
level
500
(LS)
3500
(LS)
Item ^Sss.
Labour Supply Labour Supply
Actual
osi
Potential
os9
Actual
03^
Potential
0S15
1 . Net Re turns 2856.9 303.5 4811.9 0I.2
2. AP Returns 
as per cexat 
of (1 )
136.8 12.8.9 4-972.5 78.6
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Low levels of caj)ital such as LS 500 would substantially 
reduce the realised returns of the AP (AP returns are 36 
per cent higher than QS^). But, once the main investment 
opportunities are exploited, capital becomes much less 
significant for income levels,
5 . 4.1.1. 5. in System I, the highest improvement on AP returns 
is realized by OS^^ (Table 25). However this plan 
requires 66 per cent more capital than was available 
to the CS and requires 64- per cent more labour. The 
labour profiles of the AP and the four OS’s are depicted 
in Figure 12.
5.4.1,2, Double Water Availability With Varying Capital 
Supply" (Sub-system I B '
5.4.1.2.1. Doubling the water accompanied by adequate circulating 
capital produce significant improvements in income levels.
In fact, the AP returns, assuming the same level of capital, 
ar*e 73 per cent of the returns in OS^. A 50 per cent 
increase on AP returns is shown (0So_,) to dei^end on doubling 
the water, a capital supply of LS 3500 and a 78 Per cent 
increase in labour use.
5-4.1.2.2. The pattern of crop substitution consequent upon
doubling the water supply and varying the level of capital 
(See Figure 13) is similar, except for onions, to that in 
Figure 11. Onions become unprofitable when water supply 
is doubled. The supplementary relationship of onions with
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Figure 12 
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cotton is overshadowed by the fact that it becomes more 
profitable to increase the area under cotton up to its 
rotational bound which does not leave any irrigable summer 
land to cultivate onions. The possibility of double 
cropping is considered in System II.
5.4.1.2.3* Doubling the water supply increases the cotton area 
by 6l per cent (from 14 du. to 22.5 du.) which involves 
a substantial increase in labour requirements. Comparison 
of total labour use (broken down into family and hired in 
labour) between CS^^, and the AP appears in Figiire 14.
5.4.2. Variations Qii System II
5.4.2.1. Varying the Capital Supply - (Variations IIA^, IIB^?
IIBj- , IIB^). ~~~ ' " — —  ”  “  “
5.4.2.1.1. System II depicts the choice situation (Chapter Four - 
Flow Chart 2): assuming actual family labour, caxoital was
varied (Variation IIA^) until it became non-limiting at
LS 3750. The results (OS^ to OS^) show that the level 
of Italian wheat is governed by the upper bound on hire 
in labour. This bound was relaxed and capital varied 
(variation IIB^) using potential family labour (OS^^ to 
0S^ _1 ) . The results of these two exercises are juxtaposed 
in Figure 15*
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5.4*2*1,2. The CS should have borrowed an amount equal to the 
diffe.rence between his own assumed level of capital and 
the level (LS 3250) at which the MVP of capital becomes
less than the rate of interest,
5,A,2.1.3• In System I at low levels of capital, water is sold 
and activities (Italian wheat harvested by a harvester) 
enter the solutions as contributors to capital. These 
strategies are reversed in System II due to capital 
borrowing. The use of a harvester becomes unprofitable 
as the shadow price of capiital drops below 0.35* At an 
assumed own capital supply of LS 2098? LS 1100 are 
borrowed. Further increases in capital supply of up to 
LS 3000 reduce borrowing by an equal amount without any 
impact on the technical composition of the OS (See 
Figure 15).
5*A,2*1.A. The upper bounds on hire in labour did not affect 
the plans except in the case of Italian Wheat which we 
discussed earlier in the Chapter. The solutions show
that hire out family labour could earn around LS 125 or
LS 200 depending on the availability of actual or potential 
family labour.
5.A.2.1,5* Hitherto, our models have limited capital borrowing 
to one source; the marketing agent. With regard to 
borrowing from the Agricultural Bank we assumed that the
- 214 -
CS1 £5 subjective discount rate is higher than the bank’s
interest rate. We explored the implications of" two
postulated discount rates vis. 10 per cent and 18 per
1cent (variations and IIB^). The results again
demonstrate that it pays to borrow at the assumed 
discount rates, However, no light was thrown on the 
factors inhibiting bank borrowing even though the strength 
of the aversion was indicated by the high discount rate. 
Before the effect of different credit institutions can 
be explored by the model we need to represent factors 
which affect the willingness to borrow. This was not 
found to be possible.
5*4.2.2. Double Hater Availability With. Varying Capital 
Supply - (Variation
p.4.2.2,1. As in System I, doubling the water supply results 
in significant improvements in the level of incomes 
(See Figure l6).
5.4.2.2.2. In System I, doubling the water supply eliminated 
onions because the increase in the area of cotton left 
no land for onions. In System II we allow land released 
by cumin in May to be double cropped with late cotton thus 
making land available to onions. Onion cultivation is 
then governed by the ability of the CS to select cotton
1. For details of solutions see Appendix ’ C !.
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processes satisfying both the labour and water require­
ments of both onions and cotton* The choice situation 
is depicted in Figure 17-
Figure 17
CASE STUDY MODELS
Choice Situation of Cotton and 
Onions In Sub-System IIB ,
Labour
eriods
May 17-31 June 1-7* June 8-l6* June l?-30 July 1-15
Processes'
¥ 1^------Cotton 1
Onions
*Upper bound on hire in Labour,
Symbols: = First weeding
M - Second weeding
I = Irrigate
S - Onions and one of the cotton processes are
supplementary in the use of water per depicted 
irrigation.
It is not possible to select cotton processes that exploit 
the full supplementary water use (unbroken arrow indicates 
a T)OSSiUle without runing into the trap of at least
one labour upper bound (broken arrows). Thus onions are 
governed by the availability of labour for cotton weeding
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which allowed only 3*5 dn. as compared to 8 du, in
variation 1B„, where unlimited hire in labour was assumed.
5
5*4.2*3* Case Study Statements - (Variations IB^, IXEL, XIB0)
aL 'Inti
5 . (t. 2. 3.1. Farmers' statements are susjDect because there is no 
way to ascertain a priori their validity (See 1.2.3*?*)*
However, the model may be used to explore their sign­
ificance with respect to outcomes. Agreement between the 
model's prediction and CS statements lend corrobative 
support bxit do not test validity. We were concerned with 
two statements. First, was the CS's assertion that in 
1966 it would have paid him to hire in more water than was 
prxssilbXe*, Second, partial budgeting For broad beans, based 
on two yields realised by two Farmers, suggested that it 
would have been proFitable For the CS to cultivate this 
crop. He agreed with our calculations but maintained that 
situational differences^" between himselF and these two 
Farmers, would prevent his achieving more than 60 per cent 
oF their average realised yields which would not be 
proFitable.
5.4.2•3•2. The First statement was explored by relaxing the upper
bound on hire in water. (Flow Chart 2 - Variation IB^)•
The solution showed that it would have paid the CS to hire
1. Two differences were mentioned. First the Fields oF these two 
Farmers were hedged,giving shelter to broad beans From spells oF 
Frost to which it is vulnerable. Second, their Fields were 
adjacent to the main irrigation canal which allowed them to 
ix\rigate the crop illegally when such water was not available 
to the rest oF the Farmers. (Late March-early April),
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in 288 minutes of water (OS^) instead of tlie 95 
minutes and to substitute cotton for both onions and
j
cumin as shown in Figure l8. In other words, given the 
capital MVP of 0,84 in 0S ^  it pays to divert capital 
tied in the cultivation of onions and cumin to buy water 
for extending the area under cotton.
5.4.2.3*3* Because of the high cost of hiring in water (LS 100
per hour). the net returns of 0 S ^  (LS 4593) sir's only 3-8 
per cent higher than those of (hS 4424) , The results
are however consistent with the CS 1 s statement.
3.4.2.3*4. We can present the CS1s decision on broad bean 
cultivation by two hypotheses:
1. Broad beans cultivation is profitable if the
yields attained by the two farmers could be
realized by the CS.
2. Situational differences caused the CS to expect
60 per cent of the average realised yields of
the two farmers. This would make broad bean, 
cultivation unprofitab1e.
3.4.2.3*5* The implications of these hypotheses were explored* 
Variation H B ^  assumed the average yields realised by 
the two farmers while variation IIB0 assumed 60 per cent
1. Note that the models of 0S_o (hire in water limited to 
95 minutes and 0S1_ (unlimited^hire in water) are equivalent 
except for the assumption of hire in water.
J
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of the realized yield. These two variations were compared
with 0S„n which excludes broad beans. In all other 
J?1
respects the three models are equivalent.
3 .4-. 2 . 3 * 6 . The net returns from 0.3 ^ ^ are 8 per cent higher than
returns from 0S„r„. This is consistent with the first 
3b
hypothesis. Here 16.8 du. of broad beans were substituted 
for cumin and onions (Figure 19)* However, returns from 
08 - were 3 per cent lower than OS,,0 which lends support
J- J?
to the CS's decision not to grow broad beans.
5*5* Alternative Systems of Farming (Systems III, IV, V, VI)
5.5.1. Conelusions
5.5.1*1* Four alternative farming systems were explored by 
successively introducing new crop possibilities to the 
observed choice situation. Our conclusions are as follows:
1. The cultivation of vegetables and broad beans 
(System IV) produces income improvements equivalent 
to a doubling of the water supx^ly in System II.
2. The realization of this potential improvement 
depends on several factors. First, water must be 
made available in March and early April to 
irrigate the broad beans. Second, the assumption 
of an infinitely elastic demand curve for 
vegetables must be valid. Third, sufficient 
labour for hiring in must be available to meet
221 -
the increased requirements. Fourth, tor 
vegetah3.es, advice must be given by the 
Extension Service on methods of plant protection 
and secure the availability of inputs such as 
fertilisers and insecticides to farmers.
p. Sugar beet and furrow cotton were not able 
to compete with basin cotton for scarce 
resources.
h. The introduction of a dairy activity did not 
produce, contrary to our expectations, a sub­
stantial improvement in income although it did 
provide a continuous income flow over ten months 
which could make capital non-limiting.
3. The farming systems which incorporate these 
new activities imply changes in the labour 
profiles which may not be feasible given limits 
of total labour available in the village.
The problem of generalizing farm response 
predictions for the village as a whole are 
discussed in Chaxoter Six.
5.5*2. Exposition of Results
5.5.2.1. The new farming systems sought to explore the implications 
of new opportunities for income levels and resource use. The 
models designed to represent these systems assume the same
level of resources as those available to the AP (See 
q
Chapter Four, Flow Chart 3). The net returns and 
cropping patterns For the postulated Four systems appear 
in Figure 20,
3.5*2,2 . We First introduced sugar beet, Furrow cotton and
broad beans; the outcome is deioicted in GSro. This planJ) r£j
shows an improvement oF LS 529 over the equivalent model
excluding these activities (GS„,„). This is achieved by
p3
substituting broad beans For cumin and increasing the 
area under onions. Sugar beet cultivation is shown to 
be unproFitable as it would reduce income on the margin 
by LS 30 to LS 66 depending on the sowing date. This is 
by Far- the highest implied loss Fox’ any oF the activities 
in all our solutions. Basin cotton remained the dominant 
technique which lent support to the rejection oF furrow 
cotton.
5 . 5 . 2 .3 . decorid, we introduced vegetables into System III but 
assumed actual instead of potential household labour. The 
model was run twice: credit was first assumed to be
available From the marketing agent and then From the 
agx’icultural bank.
1. The only adjustment made was to assume unlimited water 
to irrigate broad beans in March; at the time of the Field 
research water was not available to the AP during that 
month.-
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3*5*2*4, In both runs, the improvement in the level of income
is as significant as that achieved by doubling the water
in Systems X and II* The equivalent model excluded all
new opportunities and assumed the same amount of x^ater and
other resources as 0So^ (System II). This shows a return
of LS 4519 compared with LS S6?7 from 0S_^ i.e. an increase
Sp
of 25*6 per cent. This improvement is brought about by a 
substitution of squash for cotton (twelve out of l4 du^), 
broad beans for cumin and Hamari and Italian wheat for 
lentils. The area under onions is also reduced because 
no supplementary relationship in water use exists between 
vegetables and onions. All available labour is required by 
vegetables during labour periods VI and VII which precludes 
the cultivation of lentils and vetch. Under these conditions 
Hamari wheat enters the solution for the first time. In 
G S ^  Hamari wheat disa£>pears from the solution but its 
shadow price is zero signifying the existence of multiple 
optima.
5*5*2.3* In 0S_„ the reduction in the cultivated area of cotton 
limited the OS’s borrowing capacity to LS 173* Squash 
reduces the dependence 011 borrowing because it provides 
income in June when capital is still limiting. Approximately 
LS 650 is received from the sale of squash in June which 
more than compensate for the expenditures of LS 450.
However, capital as revealed by a shadow price of LS 0.44, 
is limiting from January to May.
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5-5*2.6. assumes borroxomg from the Agricultural Bank at
a subjective discount rate of 20 per cent. Here LS 395 
are borrowed which improve returns by only LS 46 as 
compared to but the shadow price of capital drops
from 0*4-4 to 0*20. Thus, capital borrowing is not 
necessary for the realization of high potential income 
levels in System IV.
5*5*2.7* By the logic of our model the resources committed
to the AP, which produced an income of LS 3908, could
have been used to attain an income of LS 567? in System
IV, i.e. an increase of 42 per cent. However, this
version of the model contained three assumptions possibly
invalid for the CS situation. First, it was assumed that
demand for vegetables is infinitely elastic. Now, 0S,_M
5p
expected the CS to sell 17589 kgs. of squash between June 
and October i.e. an average of kgs. 879/week which^given 
the existing marketing institutions is highly unlikely. 
Since vegetables deteriorate quickly a farmer will not
cultivate the area allocated to vegetables in 0Sr_ unless
53
assured of a stable market. A further consideration is 
that vegetables are highly labour intensive; required
345 days of labour compared with 210 days for the AP 
(See Figure 21). Water was assumed to be a non-limiting 
factor in broad bean cultivation by making it available 
during March-early April; an assumption not valid for 
the CS situation. Thus, new farming systems explore
CA
SE
 
ST
UD
Y 
M
O
D
E
L
S
- 226 CO
o
O
Ec
11! 
CL
VO
ia
CO
0
1
CM
CO
o
p-l
0
«}
\D
U3
0
rH
tf
P
O
O
0
P
P
td
O-'cOcO cOcO 
<0000 CO
!— I
CO
CO
, TUJJ
Aao< < -
CO
CO
CO
CM
CO CM
- 22? **
possible potential areas of income improvement rather than 
define actual achievability, However, they do define the 
constraining factors governing achievability which can 
be released by policy instruments.
5.5.2,8, The last opportunity we considered was a Friesian
1
dairy cow; alfalfa was introduced as an intermediate 
activity; broad beans and cumin were excluded; unlimited 
hire ih labour was assumed and vegetable area restricted 
to 10 per cent of the total irrigable summer land.
5.5.2.9* Unfortunately the cow activity did not result in a
significant income improvement• The mixed farming system 
produces returns of LS 5064 compared with LS 4880 realised 
by the equivalent model which excludes the cow activity 
(System VI). However, the cow activity has two advantages. 
First, it alleviates the capital constraint by contributing 
a stream of income throughout the year: in O S ^  the
shadow price of capital is zero. This may be particularly 
significant for small farmers whose capital position was 
observed to be much less favourable than that of the CS.
Second, a dairy cow uses labour during the slack winter
period while female labour engaged on household work during 
peak labour periods may adopt a stop-go strategy for the
feeding and milking and child labour can be utilised for
grazing and 'herding.
1. The M.P.S. program that we used at University College to 
solve the models did not handle integer variables. Accordingly 
the XDLA program at Sussex University which handles integer 
variables was used.
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CHAPTER SIX
EXPOSITION AND ANALYSIS OP RESULTS - 
FARMER SUB-SETS: Generalization
6.1# The Problem
6 .1 .1. We are concerned with exploring the possibility of 
generalizing from the case study* One possibility is that 
individual plans such as those calculated for the case study 
might be used conditionally to generalize about the likely 
behaviour of other farmers.
6.1.2. We expected general equilibrium problems in labour use 
to follow from a shift by the village farmers to the altern­
ative systems as implied by the results of the CS (See 5*3*) 
In order to analyze how the general equilibrium pattern 
might be resolved we need to identify:
(a) periods of excess demand for labour;
(b) the pattern of allocation of limited labour 
within and between different farmer sub-sets with 
alternative assumptions of general equilibrium 
wages.
The weighted summation of demand schedules for labour in 
different labour periods would indicate the wage at which 
the labour supply would be absorbed in each period. The 
solutions for those levels of labour input producing shadow 
wage rates equal to this wage for the most constraining 
period would also give both labour allocations to each of 
the farm sub-sets and the farming patterns consistent with 
this allocation.
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6 .1 .3* If we assumed a perfect labour market we could derive
a stepped aggregate demand function for labour from which, 
given an assumption of total supply, we could derive the 
implicit equilibrium wage rate. To do this we would need 
to parametrize the labour supply assuming unlimited capital 
for labour hire, for each of the twelve postulated sub-sets 
and derive from these parametrisations the potential demand 
for labour at any given wage rate (shadow price).
6.1.^. However, we decided not to proceed fully with this
method. Our experience in the village had convinced us 
that the assumption of a perfect labour market was not valid 
(See 2*3*5*2.)« Moreover, while the nature of the labour 
market seemed, in principle, susceptible to quantitative 
modelling, in practice we were not able to undertake this 
task because it demanded investigational skills somewhat 
outside our specialist field i.e. there was a need for a 
sociological investigation of the rules that governed 
labour transactions among lineages and sub-lineages. Given 
this and the cost and effort required for parametrization 
the approach was not further pursued. Parametrization is 
a well established technique and it did not seem necessary 
to exemplify this further stage in the analysis. But even 
were we able to complete such an analysis there would be 
a further consideration.
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6,1,3* In practice, the labour market may not come into
equilibrium or reach the optimum optimorum. The observed 
pattern of farm innovation and emulation in Khaldeyeh 
(See 2.3*5*3*) seems likely to bias the approach towards 
an equilibrium position away from an optimum optimorum.
In addition the optimum holds for one set of assumed prices 
giving the "best" way of allocating resources. In fact, 
as revealed by the results of the CS, there may be a continuum 
of sub-optimal plans that yield marginally lower returns 
but give different technical plans*and which might all be 
possible equilibria to result from the process of adjustment 
and interaction,
6,1,6* One conclusion which follows therefore is that general
equilibrium may be unpredictable except perhaps as statements 
of tendencies to which broad probabilistic expectations 
might be attached. In our situation an understanding of the 
way the labour market worked and its implications for the 
options open to different sets of farmers would have allowed 
informed judgements about probable outcomes but these were 
not only impracticable within the constraints of this study 
they were unnecessary to demonstrate the above argument. They 
would also have been insufficient to assess their predictive 
capacity. We would conclude that, at best, we may attempt 
"low prediction" with the significance of releasing particiilar 
constraints or of promoting specific innovations in terms of 
tendencies and orders of magnitude rather than the more 
precise prediction of patterns of output and input.
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6 .1 .7. For this purpose it seemed possible that such, an
understanding might be gained from the analysis even at the 
early stage at which it had been stopped. Before discussing 
this possibility, however, it is necessary to explain in 
some detail how we had proceeded.
6.1.8. First, the method of definition of farmer sub-sets
should be discussed. In our case, the land owning population
was distributed along twelve classes in terms of their land/ 
(See Figure 22).
labour ratios/jphe class interval of the frequency distribution
1was arbitrarily selected at 9*99 hu. per labour unit. The
first four sub-sets (classes) together accounted for per
cent of the total village farms, 86.8 per cent of total 
labour available to land owning households and they operated 
56.6 per cent of total agricultural land. Two sets of LP 
solutions were obtained for each of these four sub-sets: 
first parametrizing capital to the point where it became 
non-limiting; second, a series repeated this parametrization 
but assuming double the water supply. The income levels and 
output patterns given by the results were then discussed.
1* Cluster analysis has been suggested by some researchers for 
classification purposes. Essentially, the method ascertains 
the similarity of each object with the vector of coordinates 
of the groups' center of gravity in order to reduce the errors' 
sum. Reclassification proceeds till the errors1 sum cannot 
be reduced any further. This method was used by the Newcastle 
University Study for the initial classification of U.K. farmers 
See, B,N. Davey and P.W.H. Weightman, "A Micro-Economic 
Approach to the Analysis of Supply Response in British 
Agriculture," Journal of Agricultural Economics, XXXI, No. 3 
(1971), pp.397-31V" x F  is a useful technique once relevant 
analytical criteria for grouping have been determined.
Figure 2.2,
Farmers Sub-Sets in Terms of Land/Labour Ratios
• Poxoulation Average 
oSample Average 
^Sample members
Labour Force ( work<?-rs)
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6.1,9* The consistency between total labour requirements as
calculated from the optimal plans and the availability
of labour was checked as follows:
1. The number of households in each sub-set was used as 
a weight to determine the total labour availability 
for that sub-set during each labour period.
2 . ¥e assumed that 10 per cent of available labour as 
calculated above was used on miscellaneous pursuits 
(travel to fields, cleaning and maintenance of the 
irrigation feeder canals, etc.) This was deducted 
from (l) to give net available labour,
3. Summation of net available labour for each labour 
period over the four sub-sets was taken as the total 
net labour available to land owning households of these 
four sub-sets.
4. The total net labour available to the four sub-sets
was 86.8 per cent of the net labour available to the 
village landowning population. The estimate of labour 
available to the village land owning population
was calculated as follows: Sub-sets net available labour x 100---------- gg-g----------------
The estimate of labour available to landless households 
was added to the calculated sum to derive total 
available village labour.
5. The total labour r eqiiirement s of each sub-set per labour 
period was calculated from the optimal solutioh (at a 
non-limiting capital level) with the appropriate weight 
used.
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6. Members of the four sub-sets operated $6'* 6 per cent
of total village cultivable land. The estimate of
total village labour requirement for one cropping pattern
was calculated as follows:
Sub-sets total labour requirements x 100     ■•?■■■■*--— —   -----
7* Comparison between 4 and 6 for each labour period was used 
as the consistency check between total available 
labour and total requirement.
6.2. Conclusions
1. A shift by Khaldeyeh farmers towards new optimal systems
was likely to produce excess demand for labour during
four labour periods*
2. As a consequence of doubling the water supply the 
area under both cotton and onions would increase by 
more than 30 per cent. Excess demand for labour would 
then appear in five labour periods.
3. Doubling the water was likely to improve income levels 
by approximately 25 per cent provided that the required 
labour was available at current wages.
6.3* Exposition of Results
6.3.1. Net Returns
6.3.1.1. Net returns of the considered four sub-sets appear in
Figure 23* The simultaneous release of the water and capital
- “
FIGURE 23 
SUB SETS MODELS 
NET RETURNS AT VARYING L EVELS OF CAPITAL
W it h  a c t u a l  a n d  d o u b l e  w a t e r  s u p p l y .
    ACTUAL WATER SUPPLY
 ------------DOUBLE WATER SUPPLY
6 5 0 0
6 0 0 0 Sub set IV
5 5 0 0
5 0 0 0
Sub set IV
4 5 0 0
4 *0 0 0
3 5 0 0
Sub set TTf
3 0 0 0
- Sub set IT
2 5 0 0
Sub set Ji
2000
5 0 0  -  Sub set I
Sub set I
IOOO
5 0 0
1500 2 0 0 0  2 5 0 0 3 0 0 05 0 0 IOOO
Available Capital ( LS )
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constraints would result in a 25 per cent improvement in 
the levels of income* Although the relative improvement 
among the strata were similar there were significant 
differences in absolute improvements. For example, the 
absolute improvement in net returns of sub-set I was 
LS 28l*8 compared to LS 13^1*8 of sub-set IV. O11 a 
per capoita basis the marginal improvements were LS 40,8 
and LS 300*3 respectively,
6*3*1*2, The future of farmers belonging to sub-set 1 were 
bleak. Their farms were too small and it was unlikely 
that Government policies, short of land redistribution, 
could provide a solution for their poverty* On the contrary 
government policies such as the release of water and capital 
constraints for the village as a whole would widen the gap 
in the living standards of these two sub-sets which would 
probably polarise further the village population. Given 
the strength of competition for labour by large farmers 
their position would be worse even than indicated and it is 
difficult to conceive what could be done by the government 
to neutralize the possible social effects of its policies. 
Population growth would be likely to force increasing 
numbers of young men from sub-sets I and II to leave the 
village. Their chances of finding employment would be substant­
ially improved if they could equip themselves with at least 
secondary education or technical training. In Khaldeyeh, 
many of the male children of sub-set I left school to help
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supplement the incomes of their families before they even 
finished elementary education level. In fact, all the 
students that were attending secondary school in Hama came 
from relatively prosperous households. A iDossible policy 
measure to coax the children of poor families to stay at 
school would be to extend minimum subsistence subsidies for 
each child attending school so as to lessen the financial 
burden on their families.
6.3*2, Cropping Patterns
6.3.2.1, The yields of crops for the sub-set models, with the 
exception of fertilized Italian wheat, were based on the 
average realized yields of the sample (See Appendix A).
For the unirrigated crops the average estimated yields for 
196zi:-65 were used while for irrigated those of 1965-66.
The expected price of cumin was assumed to be the same as 
that of the CS (LS 325 per kintar).
6.3*2.2. The cropping patterns for the four sub-sets at non­
limiting levels of capital for both the actual water supply 
and its doubling apj^ear in figure 2 t^, Cumin entered the 
solution at the maximum allowed by the rotational constraint 
while the area under cotton and onions were governed by 
water constraints. Italian wheat dominated the rest of the 
tmirrigated crops.
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6 ,3*2.3* The consequence of doubling the water was to increase
the area under cotton and onions up to the rotational bound
at the expense of an equal decrease in the area of Italian
wheat. The area under onions would have been greater had 
we allowed double cropping,
6.3.2. Our concern was with the feasibility of such alternative
patterns in terms of total labour availability,
6,3.3* Labour Use
6,3 .3 *1* for the calculation of labour use we assumed:
(a) that the labour force comprised, with the exception 
of students, all individuals between the age 12-55;
(b) that half the time of a female in the age group 
15-^5 would be devoted to household work;
(c) that workers rest one day per fortnight;
(d) that unlimited labour would be available for
hiring in,
6.3*3.2. We have noted that a shift by Khaldeyeli farmers to a
cropping system that substituted cumin and Italian wheat 
for vetch, barley and Hamari wheat was likely to produce 
excess labour demand in four periods (Figure 25). The most 
serious deficit would be in period II, principally caused 
by the heavy weeding demands of cumin. This deficit may be 
reduced by using slack labour in period III to weed and 
slack labour in period VII to harvest cumin. Still a
FI
GU
RE
 
25
 
SU
B-
SE
T 
M
O
D
E
LS
 
ES
TI
M
AT
E 
OF
 
TO
TA
L 
VI
LL
AG
E 
LA
BO
UR
 
US
E(
AC
TU
AL
 
W
AT
ER
 
SU
PP
LY
)
~o
TJ
XJo
XI
CL
X)
o
O
O
"3-
u
CO
O
O
O
C\J
O
O
O
o ooo
(sAdq) snid.in5 i3 j\|
Oooco
(sAd q )i p ;p Q  P N
- 2k0 -
6.3*3
6.3*3
substantial deficit would remain in period II. In period 
VII the deficit results from the need to $eet both harvest 
(Italian wheat) and weeding (cotton) requirements. It 
might prove possible to reduce this deficit by the use of 
a harvester for Italian wheat and this would reduce the 
comparative advantages of its cultivation as indicated by 
the high z-c of non-basic variable of harvester Italian 
wheat (See Appendix C).
3* Doubling the water supply increased substantially the 
area of both cotton and onions. The effect of cotton was 
to increase the deficit in x:>ei"iod VIII because of the 
weeding requirement and virtually eliminate the slack 
labour in September which would now be required for picking 
(Figure 26). In late September there would be a danger of 
early rain which would stain the cotton fibre resulting in 
a reduced price. Big farmers would compete more effectively 
for labour which would probably force medium farmers to 
pick their cotton in the latter half of September with the 
attendant risk of rain. The increase in the area of onions 
would increase the labour demand in period III for weeding 
and reduce the slack in period XII becaLise of its harvest 
requirements•
k. Several inferences may be drawn from the identification 
of possible labotir deficit periods. For the policy maker, 
it would suggest that the introduction of new opportunities
-  241 -
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should take into consideration, in addition to their relative 
profitability for individual farmers, the feasibility of 
meeting total consequent labour demands using, at some level 
of sophistication, the logic that we have described,
6,3*3-5* Seasonality of agricultural work produces the paradox
of labour being observed to be both plentiful and in shortage 
during different periods of the year, LP resolves this 
seeming paradox by identifying the periods of shortage and 
plenty in terms of the opjoox'tunity cost of labour,
6 .3*3*6 , While we were able to indicate likely deficits in some
labour periods little can be inferred from perfect competition 
general equilibrium models about the actual resolution of 
such labour conflict. In a perfect labour market we would 
expect wage bidding but the observed social realities in 
Khaldeyeh would complicate and modify such a textbook 
solution. Again, the dynamics of labour adjustments in a 
situation like Khaldeyeh are likely to be complex and would 
call for further research efforts. Thus, although in 
principle one might build a model incorporating constraints 
on different farmer sub-sets in their access to labour hire 
the solutions gained from this model might be unreliable 
where the order in which farmers innovate determined the path 
to a general equilibrium solution away from the optimum 
optimorum obtainable under such constraints.
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6 .3-3*7* What additional predictive knowledge have we gained
from the analysis of the potential - conditional - behaviour 
of farmer sub-sets? First, we were able to generalize about 
the future prospects of small farmers. Second, we were able 
to foresee further polarization in the social and economic 
structure of Khaldeyeh and an increasing gap between the 
living standards of small and big farmers. Third, the 
analysis of labour deficits provides an additional hypothesis 
as to why some farmers might not grow cumin and Italian 
wheat even where capital and risk factors were not relevant.
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CHAPTER SEVEN 
Conclusions and Evaluation
7*1* Objectives and Method of Work
7*1*1* This study was concerned with the articulation of a
paradigm at the farm level in a village in West Central 
Syria. The object of the articulation was to assess the 
contribution and limitations of the paradigm as the basis 
for relevant and effective agricultural policy formulation.
7*1*2. We postulated the following:
(a) that behaviour is constrained and that 
physical and exchange opportunities 
constraints are governing;
(b) that a change in constraint and exchange 
opportunities will be followed by a 
change in behaviour;
(c) that policies can affect choices open 
to farmers;
(d) that it is possible to predict the 
behaviour of farmers by assessing their 
potential responses to policies.
7.1.3* Thus, we were concerned with the factors governing
behaviour and the ability of the paradigm to illuminate the 
significance of these factors as determinants of behaviour. 
We proposed an analogue of the decision making environment 
(DME) of the farmer and discussed its correspondence with 
LP (See 1.2.2.3*)* Our next problem was then to define an
I
LP model whose components mapped farmers DME's. We chose 
to do this using a case study approach having argued the
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implications of this appi~oach for generalisations (1.2,4,)
LP was used to produce specific ex ante plans. The possibility 
that these plans might be different from observed, ex post, 
plans due to stochastic factors and differences in managerial 
capacity (efficiency of plan execution) was foreseen and 
their significance to our observed situation was discussed 
(See 1.2.1.2.).
7.1*4-. We observed that the Khaldeyeh farming system was a
characteristically stable core system with similar and 
repetitive cropping patterns. The LP solutions were also 
stable core systems which could be compared to those 
observed. Differences in cropping patterns were investigated 
and were found to be reasonably explicable in terms of 
particular situational factors or relative tightness of 
constraints; thus arguing the validity of our model. (We 
had earlier argued the nature of tests of validity and, 
with the support of Kuhn, concluded in favour of the procedure 
adopted)• Situational factors were important in explaining 
deviations from normal behaviour and in illuminating the 
validity of the LP formulation used e.g. two farmers who 
were able to cultivate broad beans because their fields 
were adjacent to the main water canal and illegally 
irrigated the crop when the water was not available to the 
rest of the village. An example of tight constraints was 
provided by many small farmers who had insufficient capital
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for applying the dosage of fertilizer consistent with their 
yield expectation for cotton or for growing onions*
7*1.5* If behaviour is governed as we postulate by the depicted
components of our analogue, farmers will show similar 
behaviour - as revealed by their ex post plans - if they 
view the components in an essentially similar way. This 
implies that their perceptuo/cognito of opportunities is 
not formed or adhered to independently. We, therefore, 
hypothesised the existence of a "master algorithm DME" 
where individual ex ante plans were seen as sub-routines 
(see 1.2*4.5.). Historical situations were reported in 
which initially there was disagreement among farmers about 
the significance of new opportunities associated with 
different initial responses* As an example, the complex 
decision on the amounts of fertilizer and water needed to 
attain expected cotton yields was quoted. Different 
expectations consequent upon initial variations in experiences 
regarding the balance of the two resources converged to a 
collective agreement which in turn became the accepted norm.
7*1.6, The "master algorithm DME" emerges through a lengthy
process of trial and error. When it emerges it provides a 
solution to general equilibrium problems and indicates 
consistent private optima. In practice it was observed 
that there were a few leading farmers whose actions were 
observed by the village and whose advice was sought (husbandry
- 2^7 -
methods, expected prices etc.) and who, therefore, determined 
the way in which the "master algorithm'1 was resolved. One 
in particular was responsible for the introduction of cumin 
and onions. Leading farmers attained yields higher than 
average for our sample by 10 to 15 per cent. They were 
usually less constrained, particularly by the availability 
of circulating capital, and they owned medium sized farms.
More important for us was their role in initiating change 
and their demonstration of the profitability and feasibility 
of such change broadly within the existing farming system.
We therefore felt that exploration of the position of leading 
farmers would help to throw light on factors governing 
behaviour•
7.1.7* Our first concern was to "test1 the hypotheses that
given the resources and techniques available to the CS the 
possibility of improving income level was small. Two situations 
of the CS were explored: the first depicted observed
attitudes (System X) and the second the observed choice 
situation (System II), Two runs were made for each system 
alternately assuming actual and potential household labour 
(see 4-. 3 • S. 2. ) . These four solutions were compared with 
each other and the actual plan (AP) to assess evidence, as 
implied by the logic of our models, for or against the 
hypothesis•
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7.1.8. The second step was to explore the significance of
the physical bounds and production/exchange opportunities 
in determining outcome i.e. the sensitivity of behaviour 
to changes in the postulated environment. Accordingly 11 
variations were explored and 51 solutions analyzed. The 
variations were not chosen arbitrarily. For example, the 
analysis of the first four solutions showed high shadow 
prices for capital and water which focused interest on the 
implications of varying these constraints separately and 
jointly. The rationality of some of the statements made 
by the CS was also explored. For example, the statement 
that more water would have been hired in than was actually 
feasible was explored by relaxing the upper bound on ’hire 
in water'. We confronted the model with these statements 
and the results increased our confidence in its predictions 
(depending on the extent of compatability with or contradiction 
of the statements).
7.1.9* New and quasi-new production opportunities were
considered (sugar beet, furrow cotton, tomatoes, okra, 
cucumber, squash, alfalfa and a diary cow) and in relation 
to these the contribution and the limitations of the tool as 
a basis for agricultural policy formulation were explored in 
Systems III, IV, and V.
7.1.10, One of the striking features of the village was the
orchestration of labour utilisation: new, alternative
/
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farming systems must not only be more profitable but also 
feasible within the general equilibrium utilization of 
labour and, perhaps, other factors. In our situation, 
general equilibrium considerations pertaining to labour 
utilisation and to the marketing of vegetables needed 
consideration before assessing the likelihood of farmers 
following postulated changes in constraints and exchange 
opportunities. Attempts to generalize from case studies to 
conclusions about aggregate farming behaviour must face also 
the problem that farmers do not all have the same production 
possibilities and can not therefore respond similarly to 
policy measures.
7*1.11. The importance of physical bounds in governing production
opportunities and in explaining farmer behaviour was 
demonstrated in the articulation of the DME of the CS.
With respect to the community of Khaldeyeh farmers, differences 
were found between thesa and the CS in their resource structures 
and their managerial capacities. Sub-sets of Khaldeyeh 
farmers were defined in relation to resources and managerial 
capacities and the LP model used for the CS was modified to 
represent different sub-sets (see 4.4,)*
7*1.12. Different resource structures were accounted for by
distributing the land owning population along twelve sub-sets 
of land/labour ratios. The distribution interval was 
arbitrarily set at 9*99 dunums. The mean land/labour ratio
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of each sub-set was adopted as representative of that 
class. for managerial capacity the average yields realized 
by the sample were substituted for those attained by the 
CS together with other technical coefficients (See 
Appendix *A 1).
7.1.13. Ideally, for general equilibrium analysis, the area
of interdependence among farmers and the rules that govern 
it should be explicitly stated in the model. In our 
situation, labour transactions were governed by social rules 
which in some cases was overriding of economic logic. For 
example, priority was given to members of a lineage or sub­
lineage for hiring in labour. A village model might be 
attempted composed of n sub-matrices lying on the diagonal 
with appropriate linkages defining the relationships between 
farmers in labour hiring and exchanges. We did not feel 
qualified to investigate these sociological as£>ects.
However, a sociological understanding of factors that 
govern labour use and transfer such as alliances among 
lineages, location of authority etc. would be a prior 
condition of such a model. Instead, we assumed that sub­
sets can hire in unlimited labour in any period* Starting 
with the existing farming system and restricting ourselves 
to the first four sub-sets, which account for 84 per cent 
of total village farms, we ran each model separately at 
varying levels of capital until capital became non-limiting.
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This allowed us to derive a labour profile of total labour 
availability in relation to the requirements of each 
representative farm. Summation over the four sub-sets, 
each weighted by the number of households, per labour period 
was considered to indicate the feasibility of a xaarticular 
cropping pattern in terms of labour use. This is a crude 
approximation which should have been repeated for each 
postulated cropping pattern but we demonstrated its use 
f or one.
7*2 Conclusions
The conclusions will be separately presented for the 
CS and farmers sub-sets. A synthesis of these conclusions 
will then foe attempted in relation to their contribution to 
policy enlightenment.
7*2.1. Case Study Models
7*2.1.1. Existing System (Systems I and II)
Our conclusions may be summarized as follows:
1. Given the revealed attitudes of the CS the net returns
of the actual plan (AP) were 93 P©r cent of the optimal one
(OS^). The calculated net returns of the AP were LS 3908 
compared with LS 4214- for the optimal plan (See 5*3»2.).
2 . The higher level of income achieved in the optimal
plan as compared to the AP is due to the higher dosage
of fertilizer applied to cotton and Italian wheat and the 
elimination of barley and Hamari wheat.
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5. The main difference in cropping patterns is due to 
the elimination of Hamari wheat and barley. Possible 
hypotheses were advanced to explain this apparent anomaly 
(See 5*3*3.3.).
4. The actual fanning patterns gave marginally lower 
returns than the calculated optimal ones. This was consistent 
with the fact that the LP analysis revealed multiple optima 
present in all the solutions (See Appendix ’C').
5. The most significant constraints were capital and 
water. Release of the capital constraint alone did not 
result in substantial income improvements such as could be 
realized by doubling the water supply and providing an 
adequate capital supply.
6 . Upper bounds on hire-in labour govei-ned the area under 
Italian wheat while the level of the onion activity was 
governed by capital and labour.
7*2.1.2. New Farming Systems (Systems III, IV, V, VI)
1. It was shown that substantial improvements in levels of 
income coiild be achieved by substituting vegetables and broad 
beans for cotton and cumin respectively. The realisation 
of this potential for vegetables depended on assured marketing 
outlets, on the willingness of extension department to advise 
on methods of plant protection, on the availability of inputs 
such as fertilizer (both natural and chemical), insecticides,
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and labour. For braod beans, the irrigation water should 
be released in March rather than mid-April.
2. Vegetable production was not likely to increase to the
extent indicated by the solutions because of the factors 
listed above. Even if those that were subject to policy 
manipulation could be released, we believe that the response 
would be mainly by farmers with high labour/land ratios.
3* Sugar beet and furrow cotton were not able to compete
with basin cotton. Thus, the past efforts of the extension
service to convince farmers to adopt furrow cotton were 
misguided.
4. The inclusion of a dairy cow in the farm plan resulted
in modest income improvement but it released the capital 
constraint by providing a continuous flow of income. This 
might not be important for the CS since capital was not a 
key constraint. But for small farmers who suffered from 
acute liquidity problems the dairy cow could improve their 
income levels significantly.
7*2,2. Aggregating by Sub-sets
1. The future of the small farmers is bleak. The release
of constraints (water and capital) is not going to provide 
a solution for their poverty. Their farms are too small 
and, short of redistribution of land, government policies 
would probably result in widening the gap in living standards
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between the small and big farmers. It is likely that this 
would increase the social tension in Khaldeyeh and polarize 
further the lineages and, sub-lineages,
2. A shift to an alternative stable core system would 
probably result in excess labour demand at current wage 
rates during several periods,
3. Doubling the water sux>ply would result in an approximately 
25 per cent improvement in income levels. However, the 
substantial increase in the area of both cotton and onions 
that is likely to follow would further aggravate the net 
labour deficits during some periods. Thus, the potential 
response to policy measures for the village as a whole might
be less than the sum of the individual farmers* potential 
responses,
7.2,3. Policy Enlightenment
7.2.3*1* The prior condition for the formulation of relevant 
and effective agricultural policy is the understanding of 
factors governing behaviour which, it is argued, may be 
gained by articulating the DME of farmers. This can 
contribute to policy enlightenment by:
(a) Identifying the positions of farmers in relation 
to their production possibility envelope,
(b) Identifying the key constraints and the 
consequences of their release.
(c) Locating growth opportunities.
- 255 -
7.2.3«2. Our results show that Khaldeyeh farmers were located 
on their production boundaries. Reallocation of existing 
resources among available opportunities would not improve 
income levels. Thus, policies, which attempted by extension 
work or by public propaganda campaigns exhorting farmers 
to lift themselves by their bootstraps, could not be 
prodtictive.
7.2.3*3* Substantial improvements in income levels were found 
to be conditional on the release of capital and water 
constraints but it was shown that the potential for the 
village taken as a whole might be less than the sum of the 
potentials for individual farmers because of expected 
village labour constraints. Policy makers could help 
farmers to overcome the labour problem by advising on crops 
competitive with cotton for land but not labour and/or by 
advising labour saving techniques such as weedicides. In 
this context, sensible advice by the extension department 
based on farm and village level analysis rather than, as 
in Syria, on a single crop approach*could help farmers in 
the process of adjustment.
In 1985~66, the farmers did not make use of the credit 
facilities of the Agricultural Bank. The bank no longer 
requires two guarantors but it still requires farmers to 
mortgage land as collatoral. This study demonstrates the 
necessity of credit provision, especially for small farmers f 
to allow realization of potential improvement in income
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consequent upon doubling the water supply. Thus, adequate 
credit policies, acceptable to the farmers, would need also 
to be devised.
A study conducted by the senior irrigation engineer 
showed that it would be technically feasible to double the 
water allotment of the beneficiaries in the Homs-Harna 
irrigation project. Our analysis shows a high shadow price 
of water at the farm level but this must be followed by an 
analysis of the opportunity cost of investment in the canal 
at the national level•
7.2 .3.4. Substantial income improvements could be achieved by an
alternative strategy which involved the release of the 
constraints inhibiting vegetable and broad beans cultivation. 
Assured marketing outlets for vegetables should first be 
created while water should be released and regulated in 
March instead of mid-April to allow for the irrigation of 
broad beans. Second, extension work should instruct farmers 
on methods of plant protection especially for vegetables 
which are vulnerable to insects and diseases. They should 
also make available the required inputs such as insecticides 
and fertilizer. For small farmers the release of capital 
constraints by credit provision would be an important 
component in any package aiming to improve their income levels. 
An alternative would be the introduction on each farm of a 
Friesian cow for this would contribute a continuous flow of 
net receipts throughout the year.
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7*2.3*5* Inspection of the shadow prices of non-basic variables 
showed that alternative technical plans to the optimal 
could be realized at small losses in the margin. In
addition multiple optima appeared in all the solutions.
It is likely, however, that farmers would expect higher 
differentials than those implied by the solutions in order 
to change their existing cropping patterns.
7«3* Evaluation
The paradigm could be evaluated by comparing it with
other tools of analysis to decide on their relative met'its
in the light of various desiderata. For such a comparison 
we would need to specify:
(a) The purpose of the comparison,
(b) The rules governing the comparison*
(c) The possibility and legitimacy of passing 
judgments on the basis of the comparison.
In our case this approach would be inappropriate for two
reasons. First, this research is not a comparative study
in tools of analysis. Second, our articulation of the
paradigm does not allow us to pass definitive judgments
because no amount of articulation can lead to its rejection
(see 1.2.3*1 *1*)» We can, however, discuss the contribution
and limitations of the paradigm as revealed by this study,
7»3*1« Validation
Validation is the determination of the acceptability 
of the paradigm in view of its stated purpose which is to
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provide explanations of farmers' behaviour and explore the 
consequences of postulated policies. Other contributory 
factors that influence policy formulation are:
(a) The range of policies that can be effectively 
analysed,
(b) The generation of hypotheses about the relevance 
of policy measures.
(c) The possibility of drawing inferences from micro 
to macro level,
(d) Monitoring changes in the farming system.
We wish to discuss these aspects in the context of this 
study.
7,3.1.1. All prediction is conditional i.e. if the world is
as we assume then prediction is a logical outcome. We 
need to ask two questions about our representation:
(a) Is the logic valid?
(b) Are tlae assumptions vaJ-id?
The logic of our model is based on an analogue which presumes 
that certain comx>onents of the DME are relevant to the 
research problem (1 .2.1 .3 *)* relevance is the extent to 
which differences in components would govern differences in 
outcomes. Even if we could answer these questions they
t
would only offer an appraisal of this application of the 
model. Irrespective of whether oux’ application was x>oor 
or satisfactory this would not reflect on the x>aradigra.
The present study should be considered as only one of many 
repetitions of ax:>plications necessary to explore the scope 
and limitations of the paradigm.
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7.3.1.2. Model validation remains a subjective procedure in the 
absence of4 tests (1.2.3*3*)» This is significant to our 
results because of the possible bias in their interpretation. 
One of the problems of LIJ solutions is that they yield too 
much information which can tax the patience and absorptive 
capacity of the analyst. There is a tendency to select
and analyze only those aspects of the solutions that 
correspond with the limited view of reality permitted by 
the blinkers one wears when building a model: aspects
that contradict or throw doubt on that view are easily 
filtered from our perception. This double bias could be 
easily committed both in representation and analysis.
7.3.1.3. The validity of our postulate that behaviour follows 
changes in boundaries is also important. We identified 
constraints governing behaviour and explored the consequences 
of their release. Thus, if we argue that behaviour is 
governed by liquidity which in turn is governed by willingness 
to borrow then the test of the proposition is to allow 
borrowing and observe the consequences.
7.3.1.4k. Exploration of the base study DMI3 demonstrates the
capacity of the paradigm to identify the constraints and
1locate areas of potential growth. This is possible because
1. A fundamental choice problem arises with respect to the 
effectiveness of applying the paradigm. Should we model 
the depicted situation to explore the consequences of given 
policies or should we explore the DME to locate areas for 
new policies. This study had done both but our interest is 
in the latter ap£3roach.
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the paradigm allows considerable flexibility in represent­
ation and can consider a large number of postulated changes.
Our feeling is that a large number of variations is needed 
for effective exploration. In fact, the extent of articulation 
is likely to be constrained by the capacity of the analyst 
to digest the information flow rather than by the capacity 
of the paradigm to depict postulated variations. However, 
a poorly articulated DME can deceive the analyst into 
accepting a distorted picture of reality and drawing 
irrelevant policy conclusions.
7-3.1*5* The relevance and effectiveness of policies depend 
on asking the "right" questions about the working of the 
system it seeks to influence. A policy maker needs enlight­
enment about the feasible options and the consequences of 
policy instruments given some desiderata. This study has 
argued and demonstrated how LP could be used to articulate 
the DME at the farm level in order to contribute to the 
enlightenment of the policy maker. We believe that the 
principal iise of the paradigm should be to widen the horizon 
of the policy maker about possibilities rather than the 
provision of tailor-made answers. The results should be 
regarded as demonstrable working hypotheses to be followed 
up and checked by further investigations. One important 
conclusion is clear in this context. Sympathetic responses 
from farmers are not likely to come about by a single policy 
measure. A combination of policy ineastires wo\ild seem to be 
required. For example, the release of water constraint
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should be accompanied by credit and the required inputs 
(fertilizer, pesticides etc.). However, the release of 
these constraints for the CS suggested the hypothesis of 
general equilibrium problem in labour use for the village 
as a whole which we explored tentatively by grouping 
Khaldeyeh farmers into sub-sets. Even though we did not 
pursue this analysis to the fullest extent, even the 
preliminary stages of the approach we outlined demonstrated 
the capacity of LP to suggest important and convincing 
hypotheses•
7.3.1,6, Inference from micro to macro level for purposes of 
policy making is at best a hazardous undertaking. This 
study has tried to postulate the conditions under which, 
at the village level, one may generalize from a farmer CS 
to the aggregate potential response (See 1,2.4,)• Where 
these conditions do not hold, account must be taken of 
differences in the components governing potential responses.
7.3*1*7* A sadly neglected area of potential use of the paradigm 
is the monitoring of implications brought about by changes 
in the assumed initial conditions. For example, in 1970 
a high yielding variety of Mexican wheat was introduced in 
Syria. Our model could be easily up-dated to explore the 
potential of this crop in Khaldeyeh, In principle, a 
universal matrix representing the activity space of a whole
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region could be constructed. Variable resource programming 
could be used to explore potential responses of postulated 
farmers sub-sets.
7*3.2. Practicability of the Paradigm
7.3.2.1. The practicability of the paradigm depends not only
on the costs and expected pay-offs but more significantly 
on the planning structures and processes which accept and 
support its planning philosophy. Let us consider some of 
the practical issues.
7*3*2.2. Discussions on planning methods frequently conclude
that, because of the paucity of reliable data, sophisticated 
tools of analysis are not practicable in developing countries, 
This study rejects this view. Our field work shows that 
reliable and representative empirical, data can be collected 
but the question is at what cost? Substantial short-run 
costs have to foe incurred on data collection but the possible 
pay-offs in terms of effective policy formulation could 
outweigh these. Given adequate data, the paradigm could 
usefully define areas of policy. The objective of the 
policy maker should be to build a data bank of village 
level farming systems. This should be done gradually because 
the technical skills required to collect reliable and repres­
entative data are not likely to be available in sufficient 
numbers, nor can people be trained quickly.
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7.3*2*3* Much of our time in building the models was spent on
the tedious and unrewarding task of extracting coefficients
from the tabulated field data to construct the ’A* matrix.
Devising computer procedures to generate this matrix from
1
raw field data would significantly economize on time.
Similarly computer procedures for streamlining the model may 
reduce its size and avoid problems such as degenar&cy which 
is caused by colinearity between constraints.
7*3.2.4. Serious consideration should be given to the availability 
of tested algorithms: considerable delay and frustration
can result from the use of inefficient ones. We believe 
that it is better to postpone solving the model rather than 
soldiering on with an inefficient algorithm. Users of this 
method must expect and allow for delays between the modelling 
and solution stages.
7.3.3 , Policy Formulation - The Broad View
7.3.3.1. In the final analysis, the effectiveness of agricultural 
policy rests on the responses of farmers. I11 this study we 
attempted to demonstrate the potential contribution of the 
paradigm to the understanding of factors governing behaviour 
at the micro level. The rationale behind farming systems is 
seen as complex and requires for its under1 standing represent­
ation in terms of structure and the dependence of its elements.
1. This possibility was suggested to me by Professor J.L. Joy,
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The paradigm provides a powerful conceptual framework for 
asking the relevant questions. Xn fact, we learnt a great 
deal about the Khaldeyeh farming system in the process of 
thinking about the sort of model that we need to use and 
the required data.
7.3*3*2 . While micro realities must be explored and properly 
diagnosed they should be related and appraised at the 
national level. However, the potential of the paradigm 
cannot be realized except in the context of planning 
structures and processes which must recognize its potential 
contribution to policy formulation and show a willingness 
to articulate its point of view.
X^opulation Census
S
Our preliminary visit to the headman (Mulchtar) of
0
Khaldeyeh village in October 1965 revealed the existence 
of two rival sub-lineages (See 2*3*3«2.), The headman 
promised full cooperation from his sub-lineage while the 
rival sub-lineage agreed to cooperate provided interviews 
were not simultaneously conducted for members of both 
sub-lineages. After consultations with leaders of both 
factions a room was rented in the house of a neutral 
farmer,
We proceeded by conducting a household population 
census in order to:
(a) Decide on the sample siae and method of drawing 
it.
(b) Explain the survey objectives to the farmers and 
establish good rapport.
(c) Familiarize ourselves with the cultivated crops, 
techniques of cultivation etc.
(d) Experiment with possible methods of data collection 
and assess the ability of farmers to recall 
historical data.
Interviews commenced on November 1, 1965 and finished on I 
November 28, During this time, 137 households were covered.'
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Each houseliold head was interviewed in private and on 
average each interview lasted Tor one hour and a half. 
Information was elicited on:
(a) HousehoId s truc tur e 5
(b ) Land ownership;
(c) Machinery, tools and equipment;
(d) Livestock and farm animals.
A2.1.1. Hons ehol d S tr Lie tur e
The household structure schedule was designed to yield 
information on the sex, ages, education, marital status and 
occupation of household members. Some of this information 
was used to calculate the average potential labour force 
available to sub-sets of farmers (See Appendix C). The 
schedule format appears in the formats exhibit.•
A2.1.2. Land Schedule
This schedule provided information on land ownership 
including the buying, selling, renting or leasing of land. 
Declarations of farmers on land ownership ,¥.as^ chdclcetl ;:_aga_inst 
the complete official village records secured from the 
land registration office in Hama. Discrepancies between 
the two sources were few* Ambiguous questions were the 
main problem: some farmers gave data on land owned by the
household head rather than all members but this was resolved 
by asking first about total operated area by all household 
members and then about its ownership.
1. Household head is the person who operates the land and 
takes the main decisions. In the case of extended house­
holds two or more persons participated in the interview.
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A2*1.3* Machinery, Tools and Equipment Schedule
A typical farmer owned small implements such as hoes, 
riddles, plough and spades. The number owned depended on 
the number of household workers. There were three medium 
sized tractors in the village owned by three big landowners 
The services of these tractors were hired out to the rest 
of the farmers for ploughing, harrowing and sowing the
winter crops. The services of heavy duty tractors to
plough cotton land and harvesters to harvest Italian 
wheat were hired from Tractorists in the city of Hama. 
Farmers had no difficulty in hiring these services neither 
were they short of implements*
A2.1.4. Livestock and Farm Animals
On average a household kept a total of five sheep 
and/or goats to provide milk and ghee for household consurap 
tion. However, twenty five households each owned over ten 
beasts but these flocks were usually entrusted to Bedouins 
(See 2.2.3)* During the three months (January to March) 
livestock was fed on barley grain and a mixture of avail­
able straw. Farmers expressed a preference for vetch and 
lentils straw followed by barley and Hamari wheat. The 
straw of Italian wheat was considered inferior because of 
its rough texture. In April farmers shared the cost of a 
shepherd who daily collected the livestock and herded them 
to a nearby communal grazing land. From May to August the 
livestock grazed the stubs of harvested cereals and pulses
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and in September and October the stubs of cotton.
Information on kind and number of livestock and beasts of 
burden were collected from farmers and the data checked 
with the village herdsman*
The village contained 137 households including 120 
land owning households, 17 landless and nineteen share­
croppers. Sise of land holdings varied from 7 to 44l du.
In general, irrigable land constituted approximately ?4 
per cent of total land holding. The land owning households 
were distributed among seven strata each of which was 
39*99 dunum. Given different stratum variances,,the sampling 
fraction of each stratum was taken in proportion to within 
stratum standard deviation to ensure the best allocation 
of the stratified sample. Twenty five per cent of total 
land owning households were selected which yielded a 
sample of thirty households.
A2.2. Stratified Sample
The objective of the stratified sample was to furnish 
detailed data on;
(a ) Cr opp ing pa 11 eras ;
(b) Actual and expected yields of crops;
(c) labour Use;
(d) Variable costs per Crop;
(e) Intra-village prices of goods and services.
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A2,2.1, Cropping patterns and Techniques of Cultivation
Each member of the sample was asked to recall the 
cropping sequence on each field during 1963-64/1965-66.
As several crops were usually cultivated per field 
many farmers found difficulty in establishing the right 
rotations. We then used the village map to draw the 
shape of the field in question and asked the respondent 
to indicate the current crops on the field. The field 
was redrawn and the farmer was asked to indicate what 
crop preceded each of the current crops during the 
previous year. This pictorial method worked extremely 
well except in a fexv cases where farmers were not able 
to recall crops grown in 1963-64. Historical land use 
on each field appear in our records as in the format- of 
land use•
Upon completion of the interviews each field was 
visited to check the current land use. Most of the 
fields are of rectangular shape so that the area under 
each crop was easily and quickly calculated. Information 
errors related to the exact crop areas and not to the 
kind of crops that were grown. The adjustments which 
had to be made were usually marginal except in the 
case of two big landowners who underestimated the 
areas under fallow. The number of basins under 
each kind of vegetable in 13 irrigable fields were
- 272 -
Format of Land Use
Name of Household Head - Faris Massini 
Serial No. in Population Census - 86 
Stratum - III
Land Registration No. of Field
122-124
Area of Field - 4-8.3 Hu.
Type of Field - Irrigable.
1965-1966
Hamar± Cotton Ha mar i V/h eat
Wheat
10 Du. 12 Du. 25.8
" ^ O n i o n s  6c Vegetables 0.5 dunums.
1964-1965
Vetcli Hamari 
Wheat
Barley Vetch C 011 on
7 Du. 12 Du. 7 Du* 6 Du. 12 Du.TWatermelon 3 Dunums Onions and 
4V egetables 
1.3 dunums.
1963-1964
Fallow Cotton Hamari
■— 1
Wheat
10 Du. 12 Du. 25.8 Du.
L > Onions and Vegetables 0.5 dunums
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noted in order to estimate vegetable yields.
Tables A~1 and A-2 summarize land use for the period
1963-64/1965"66 hy members of each stratum for irrigable 
and unirrigated land. The area of uncultivable land 
including vineyards was deducted from the total available 
land. Thus, the breakdown of crop percentages refer to 
net available land.
A2.2.2. Actual and Expected Crop Yields
For 1965-66 the actual crop yields were entered in 
the weekly labour records after completion of the winnowing 
operation. It was impossible to ask respondents to thresh 
and winnow the produce from each field separately. It 
was initially planned to take sample cuttings but the 
exercise was abandoned due to the drought. Instead, when- 
ever the same crop was planted on more than one field and 
these fields were harvested, the respondent was asked to 
divide the actual yield between the respective fields.
Some farmers managed to irrigate small areas in late 
March when water was released to test the maintenance work 
completed on the main and feeder canals* The realized 
yields on these irrigated fields were higher than the rest. 
These fields are noted in Table A-5• Farmers could not 
give even a tentative estimate of watermelon yield because 
it was usually consumed by household members and their
- 2?4 -
relatives as it ripened in the field. Vegetables were 
mostly grown for household consumption. Thus, except 
for watermelon and vegetables, the actual yields of 
crops by field appear in Table A-5* In the case of 
cotton, the yield was related to the level of applied 
natural fertiliser. Three levels were identified even 
though, in some cases, a combination of these levels were 
observed in the same fields. However, we believe that 
this classification is an adequate representation of 
fertilizer practices in the village.
The yield estimates for 1964-65 ran pari passu with 
the collection of land use data. Estimates of yields were 
entered for each crop after the land use in the specific 
field had been established. The most accurate yield 
estimates were those for cotton because it is sold to the 
government where it is weighed, graded and valued. Farmers 
who cultivated cotton in more than one field to which they 
applied different levels of natural fertilizer had no 
difficulty in estimating the separate yields. In addition, 
information on the buying and selling of water per field 
were collected. This data was used to breakdown cotton 
yields by fertiliser level (natural and chemical) and water* 
use for both years.
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Yield estimates of cereals and pulses per field were 
difficult to elicit. For a breakdown of the total yield 
we had to depend on farmer's estimates. These estimates 
were used to establish straw/grain ratios for cereals and 
pulses, which compared favourably with the ratios established 
by field trials carried out by the Extension Service in 
IClialdeyeh and surrounding villages.
To check the reliability of yield estimates for
1964-65 we allowed two months to elapse before we started 
collecting information on the variable costs per crop.
We asked the respondent to estimate the total yield of 
each crop. This total should, for all fields, be equal 
to the sum of the yield estimates collected two months 
earlier, Experience has shown that confrontation of a 
respondent with a discrepancy in his answers to the same 
question would prompt him to arbitarily choose one. To 
avoid this we decided not to confront respondents with 
discrepancies. Instead whenever a discrexoancy of more 
than five per cent between production by field and 
production by crop was detected we asked whether any 
gifts had been given or received: the more prosperous
farmers often contributed small amounts of grain to the 
caretatei” of the mosque and gave alms to landless labourers 
and poor families. Twelve discrepancies in edible grain 
yields were resolved by taking these gifts into account. 
Non-resolution of a discrepancy appears as N.A in our Tables.
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A2 • 2 • Labour Use
This was the most difficult data category to collect*
The objectives for collecting it were:
(a) To identify the labour periods (Labour constraints)
(b) To calculate the labour recjuirement for each
crop during any labour period*
By the end of February most of the recall data had 
been collected and checked. Land use in 1965-66 was 
checked through the insioection of every field* In February 
four young literate people were recruited as enumerators.
The principal advantage of local enumerators was their 
acceptability by females who did most of the weeding.
Social and religious strictures prevented the writer from 
interviewing them. Each enumerator was given .a copy book 
which contained a list of the farmers to be interviewed 
by weekly visits and the area under each crop per field.
At each interview the enumerator began by asking the 
farmer whether any work had been performed during the 
week 011 any of the fields. If affirmative, then did the 
farmer himself partake in the operation? If negative 
then at least one person who did take part should be 
present for the rest of the interview; otherwise the 
information was collected from the household head. Three 
questions were asked:
(a) what operation was performed on which crop?
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(b) how many workers were employed over how many 
days ?
(c) what was the size of the area covered?
Bach enumerator was provided with a detailed list of the 
sequence of operations usually performed on each crop.
As an example,the list oi cotton operations appears below.
List oi Cotton Oxoerations
No.
1. Heavy duty summer ploughing
2. Cleaning of field
3. Natural Fertiliser
4. Sjiring p lough ing
5. Cleaning of field
6 . Flooding
7* Sowing and planting
8. Bordering
9* Flooding if 6 not performed.
10. Gapping
11. First weeding
12. First irrigation
13* Second weeding
14. Second irrigation
15. Third weeding
16. liiir d irr iga ti on
17* Fourth irrigation
18. F if th irr i ga ti o n and
all remaining irrigations
19. Last weeding
2,0. Picking
Dates
S unim er , ear ly au tuimi.
Aiter 1
Before Summer or Sxoring 
ploughing.
February - March.
Ait er 4 
B e ior e s owing.
April 15 - May 15.
After 7.
Aiter 8.
2-3 weeks after sowing.
3 weeks after sowing.
One month aiter sowing.
Two weeks aiter 12.
Tito weeks aiter 11.
Two weeks aiter 13•
Tito weeks aiter l4.
One week aiter l6 .
At weekly intervals aiter 17*
August*
September•
For each enumerator the first qoreliminary interview was 
attended by the writer as a silent observer. Several 
formats for recording data were experimented with but
the following was adopted.
Format of Labour Use
Serial Cropo Serial Nature No. oi Days Area
No. oi No. of of workers covered
Field Operation Operation
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Random visits to fields were conducted by the writer to 
note work in progress which later was checked against 
enumerators1 data. As each farmer generally owned two 
fields the weekly interviews were quite adequate and 
there were no recall, difficulties. Interviews were 
usually conducted in the evenings and took on average 
twenty minutes. Interviews were kept as short as 
possible because long interviews were unpopular especially 
during the peak labour periods. All farmers, except one 
who was later dropped from the sample (See 2.4.1.2.), were 
very cooperative. I1'or each farmer, an interview schedule 
was prepared after consulting him about the most convenient 
dates. These schedules were used to attend interviews 
at random without prior notification of the enumerator or 
the respondent. Interviews were held either in the rented 
room or in the farmer * s house depending on his preference. 
Table A-7 summarizes the weekly labour use for the main 
cotton operations; Table A~8 for other croqos on the irrigable 
fields while Table A-9 for crops on unirrigated land.
A2.2.4. Variable Costs
Data on costs were collected per crop for 1965-66 
in order to identify the expenditure pattern for farm 
activities.
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The main variable costs items, aside from hire in 
labour, were the costs of ploughings, seeds and fertilizer. 
Additional costs tor shells and transport were incurred for 
cotton and onions. Most ploughings were performed by 
tractor but some farmers prefered to plough the cotton and 
vegetable land before sowing by the traditional iron 
plough as this operation was claimed to prepare a finer 
bed for the seeds and a!3.owecl easier germination. Ninety 
one ploughs and three tractors were available in the 
village. There were also seventy eight donkeys and twenty 
nine mules for the ploughs. Land ploughing was non- 
limiting as no member of the sample was unable to plant 
his crops on time through lack of ploughing services.
Except for cotton seeds which had to be bought from the 
government, farmers usually sowed some of their own produce 
but the amount of seeds per dunum per crop varied marginally 
among farmers.
Natural fertiliser was applied on cotton, vegetables, 
and onions. Additional amounts of chemical fertiliser 
were used as top dressing.
The typical variable costs of inputs per crop and 
their likely distribution during the year appear in 
Tables A-IG and A-11.
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AS•2.5* Intra-Village Prices
The main intra-village transactions comprised labour 
services, water rights, grains and straw: the prices of
grains were the same as the wholesale prices in Hama; 
the straw prices of different crops appear in Table A-12; 
one hour of water with a 40 litres per second discharge 
fetched between LS 100 to LS 1SQ depending on the avail­
ability of sellers. It is important that the fields of 
buyers and sellers must be along the same feeder canal as 
water cannot be transferred between feeder canals.
Wage rates depended on the type of operation and the 
time of the year. For example, females were paid LS 2/day 
for weeding in March and LS 2.5 in June. Females were 
generally hired for weeding and hand harvesting while 
males were hired for bordering land, ploughing and sickle 
harvesting. However, in cases where males were hired to 
uproot vetch, for example, they were paid the same wage 
rate as women. We did not observe wage discrimination by 
sex for the same job. The wages structure for hired 
labour is reported in Table A-13*
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Table A-12
Kstirnate of Prices of Straw in the Village
(LS per 100 Kgs.)
Year Barley Hamar i 
Wheat
Italian
Wheat
Vetch Lentils
1964-65 2.5 2.3 1.75 5 4
1963-66 5 3 2.3 8 8
Table A-13
Wage Rates per Operation During the Year
Month Operations Wage Rate 
(L.3.)
Type of 
Labour
Operation
Norm
(Hrs.)
March Weeding; spreading fertil­
iser .
2 F 5-6
March Bordering 6 M 10-11
April Weeding 2 F 6-7
April Bordering 6 M 10-11
May Harvest Hainari Wheat 6 M 10-12
May Harvest barley and vetch 5 F/M 6-7
May Harvest Cumin 3 F 5-6
May Harvest Lentils 3 F 9-10
June Weed or pick vegetables 2.5 F 6-7
June liarv e s t Wh eat 6 M
03H1O
July Weed or pick vegetables 2 F 6-7
July Thresh and winnow 4 M 7-8
August Weed or pick vegetables 2 F 6-7
August Harvest onions 5 M/F 7-8
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APPENDIX 'B'
APPENDIX TO CHAPTER IV 
EMPIRICAL DATA FOR THE MODELS
B. 1. Empirical Data for Case Study Models
B . 1.1. Cropping Patterns and Yields
The cropping patterns on each field (1961-62/1965-66) 
appear in Table B-l. Water melon and vineyards were not 
included in the model's activity space because we were not 
able to collect reliable data on yields. These two crops 
were mostly consumed by the family and their relatives in 
the fields as they i-ipened.
The yield estimates for 1964-65 and the actual yields 
for 1965-66 are reported in Table B-2. Where a crop was 
cultivated in more than one field the CS was asked to break 
down the yields. In 1966 he applied two kinds of manure on 
cotton. The area under each kind was picked and weighed 
separately. The CS yield, with the exception of onions, 
were among the highest in the village i.e. 15 to 20 per cent 
higher than the average of the sample. The principal observed 
differences between the CS and other farmers, which may 
account in part for his higher yields, were his buying of 
"healthy seeds" and the timely performance of operations,
B.1,2, Labour Supply
A daily labour record was kept from February 1966 to 
September 1966. In Chapters II and III we discussed the
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procedure followed In identifying the labour constraints.
Two family labour availabilities were calcLilated per 
identified period# Actual family labour refers to hours 
worked as reported by the CS and his wife. For example, 
between March 13-31 the CS worked 14 hours and his wife 
42 hours. The total hours were divided by the operation 
norm which gave the actual available family labour for that 
period. In addition, net exchange labour (labour received 
from other ho\iseholds minus family labour' extended to 
others) was taken into account. Potential family labour 
refers to the maximum family labour available after allowing
for household work, illness, non-postponable tr’avel by the
CS and one day’s rest per fortnight. The calculations of 
both labour availabilities appear in Table B-3*
B .1.3• Water
Records of actual water use on fields I and 2 were kept 
for every irrigation which showed the time it took to irrigate 
every crop. A summary of water use on field I from April l6
to August 28 appear in Table B-4.
B .2. Estimation Procedures
In Chapter IV we discussed the structure and key
assumptions of the model# We wish now to consider the 
methods used to calculate the coefficients of the !A f matrix. 
To calculate net prices we need to consider crop yields, 
variable costs of crops and their selling prices. Crop
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yields were based on those attained by the CS for those 
crops he cultivated during 1964-65/1963-66 (Table B-2).
For cotton using fertilizer level 3 the yield was based on the 
CS expectation of 380 kgs. per dunum. In the case of late 
cotton (May 8-30) farmers, including the CS, expected a 
reduction in its value as compared to normal sowing dates 
(April 20-May 7) because of expected lower yields and the 
probability of being stained by rain at the time of piclcing.
Our models assume a 10 per cent or 15 per cent reduction in the 
value of late cotton depending on whether it is sown from 
May 8-l6 or from May 17-30. The yields of fertilized Italian 
wheat were based on two field trials in KlialdeyehJ these are 
reported in Table B-5* Tine crops that were uncultivated by 
the CS and included in our models will be discussed in the 
last section of this Appendix.
The calculation of tlie value of crops include imputed 
valuation for straw (cereals and pulses) and a pasture rent 
of LS 4 per dunum of picked cotton. It was assumed that 
price expectations were based, with the exception of cumin, 
on those realized in a normal year (19o4:-65). The average 
wholesale prices during August of tliat year (See Table 19) 
were used to calculate the value of crops. The price of 
cumin was based on the expectations of the CS in December 
1965 (LS 325 per kintar).
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The calculations of variable costs were based on the 
situation of the CS and the members of the sample# Thus, 
for the crops cultivated by the CS during 1965-66 the actual 
variable costs were used# For crops, such as broad beans, 
we used the actual costsincurred by other farmers.
(Table B-6 ).
B .3• Empirical Data for Sub-Sets Models
In Appendix ’A 1 we reported the data that was collected 
from the sample. This data was used to specify activities, 
calculate net prices and other technological coefficients. 
Ten production activities were added to the CS models 
(System I) to allow for an additional fertilizer level for 
cotton (two activities were added) and greater flexibility 
in the harvesting and threshing dates of barley, vetch 
and lentils#
The distribution of the land owning population in terms 
of their land:labour ratio appear in Table B-7» The average 
land:labour ratio of each of the first sub-sets were used 
to specify the Bi values. We assumed,
(a) that 20 per cent of the unirrigated land was 
left fallow each year by sub-set I and 33 per 
cent by the remaining sub-sets;
(fo) that half the time of an adtilt female (15-45 
years old) was devoted to household work;
(c) that one day per fortnight would be a rest 
period#
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B • 4-. Empirical Data for New and qua si-new Activities
These activities comprise:
(a) Vegetables
(b) Sugar beet and furrow cotton
(c) Friesian cow.
We wish to consider the sources and methods of data collection 
for each separately#
Vegetables
The number of basins under vegetables (tomatoes, okra, 
cucumber and squash) in 13 irrigable fields owned by members 
of the sample were noted. These farmers were asked to 
report on their estimates for each picking together with 
the weedings performed on these basins. The estimate of 
vegetable yields for both the sample and the CS appear in 
Table B-8. It was difficult to establish ex£>ected spoilage 
rates for vegetables. ¥e arbitrarily assumed 3 per cent for 
tomatoes and 3 per cent for each of the rest. One dunum 
under vegetables would be divided into approximately 28 
basins as compared to 20 for cotton. Thus, the average 
yield pei" basin net of spoilage was multiplied by the 
estimated number of basins for one dunum to derive expected 
vegetable yields.
Three other sources were used to check on the above 
estimates. These were based on the estimates of a panel 
of Khaldeyeh farmers, the experts of the extension service 
in Hama and field trials on vegetables conducted in Damascus, 
These estimates are reported in Table B»9#
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Sugar beet and Furrow Cotton
Sugar beet is cultivated in the region under contract 
from the sugar factory in Horns. The factory guaranteed a 
price of LS 63 (1966) per ton provided the sugar content 
of the crop was not less than 16 per cent. A credit of 
LS 30 per dunum was extended to the farmer upon the 
satisfactory completion of thinning and first weeding. 
Information on sugar beet was collected from both the 
factory and farmers in the neighbouring village of Kfarbo.
A summary of the information is given below,
1. Assumptions in the model
(a) Three dates of sowing,
Early : March 13-31 
Normal: April 1-15 
Late : April 16-30
(b) For late sowing value would be reduced by 10 per cent.
(c) Yield
Kfarbo village
Minimum : 1.5-2 tons per du,
Average : 2.4-3 tons per du,; we assumed 2.5 tons
Maximum : 3*5-4*5 tons per du.
(d) It was assumed that sugar beet required 20 per cent
less water per irrigation than cotton.
2, Input-output coefficients
(a) Labour operations
(1) Heavy duty tractor ploughing : June-3eptember
(2) Harrowing : after 10-20 days of (l)
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(3
(4
(5
(6
(7
(8
(9
(10
(11
(12
Harrowing and field cleaning : February
Application of fertilizer and ploughing : 
February - March
Flooding : April
Sowing : 4-6 days after flooding
Bordering: directly after sowing
First weeding, gapping and thinning: one 
month after s owing
Second weeding 
weeding
after one month of first
Third weeding : after 20-25 days of second 
weeding
First irrigation : after one month of sowing 
and subsequently weekly.
Harvest : September (depending on factory’s 
X^ermission)
(b) Labour coefficients
(1) Sowing : 4 hrs./du.
(2) Bordering : 4- hrs./du*
(3) First weeding : 22.5 hrs./du*
(4) Second weeding : 16.3 hrs./du.
(5) Third weeding : 5*3^hrs./du.
(c) Variable costs per dunum
November - December : Tractor ploughing LS 2
January - February : Harrowing LS 1
March - May 
Kind
Fertilizer LS 28*5
Amount (Kgs)
Sulphate of Ammonia 
Super phosphate 
Sulphate of potash
60
35
12
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Ploughing fertilizer LS 1.5
S owing LS 1.5
Bordering LS 1.2
Seeds LS 2.5
iinber : Harvest
Iron plough LS 1.2
Collection LS 6 .25
Cutting LS 2.5
Transport (Assuming LS 10/ton LS 25
including loading)
Information on furrow cotton was collected from the extension 
service (trials in Khaldeyeh) and from other villages* A 
summary of the information is given below.
1. Assumptions in the models
(a) Four dates of sowing 
Normal : April 16-30 
Normal : May 1-7 
Late : May 8~l6 
Late : May 17-30
(b) For late sowing the value would be reduced by 
10 per cent and 15 per cent of that sown from 
May 8-l6 or from Ma3r 17"30^respectively.
(c) It was assumed that the water requirements were 
the same as basin cotton.
(d) Yield,
Two field trials in Khaldeyeh. The results 
were as follows (kgs/dunum).
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Control N NP NPK
191.5 264.5 303.5 296
117.5 230.5 217.5 264
Average 154.5 247.5 260.5 280
Amounts of N P K
fertilizer (kgs./du.) 20
We assumed 280 kgs. per dunum#
2* Input-output coefficients
(a) operations
(l) Heavy duty tractor plough : June - September
(2) Harrowing : 10-20 days after (1)
(3) Spring ploughing : March
(4) Cleaning of field: after (3)
(5) Furrowing ; April 10-25
(6) Sowing ; April l6-May 30
(7) Bordering : after (6 )
(8) Thinning and light hoeing : 
s ow ing
20-25 days after
(9) First weeding and ridging : 40 days after sowing
(10) Second weeding and ridging : two weeks after (9)
(11) Third weeding and ridging : two weeks after (10)
(12) Picking : September
(b) Labour coefficients
(1) Cleaning of field : 4 hrs./du.
(2) Sawing : 10 hrs./du.
(3) Thinning and light hoeing : 8 hrs./du.
(4) First weeding and ridging : 17 hrs./du*
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(5) Second weeding and ridging : l4 hrs./du,
(6) Third weeding and ridging : 9 hrs./du.
Friesian Cow
The data on friesian cow was secured from the experiment 
station at Jefo-Ramleh (30 km, west of Hama). A summary 
of the information is given below,
1, Assumptions in the models
(a) The cow would be bought on credit (6 per cent 
interest rate) in the second lactation £or LS 2000.
(b) The productive life is five years from date of 
purchase. The salvage value was estimated at 
LS 730.
(c) The cash cost per annum was calculated as follows:
Discounted cost over productive life
minus salvage value = LS 3^8
5
To this figure was added a 3 pen cent mortality 
rate (LS 35) pins interest and depreciation on a 
cow shed (LS 48).
The calculated cost of feed that was not possible 
to produce on the farm was as follows:
Item Kgs/year Price/unit (LS) Value (LS)
Bran 456 0.12 54.7
Cotton cake 436 0.24 109*4
Sugar* beet cake 730 ,08 58,4
Mineral Salt 7*3 *9 65*7
Medicine 20
Other 20
328.2
Total cash cost per year = 328“ + 35 + 48 + 328.2
The feed requirements per day are given in Table 10. 
The products from a friesian cow per year are given 
in Table 11. We assumed a yield of 3965 kgs. (average 
of the range).
Two thirds of the milk was assumed to be sold at 
IS 0.30 per kg and one third at IS 0.40 kg.
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Table B~4
Summary of Water Use on the Fields of the Case 
Study (Field la )
Date of 
Irrigation
i
REMARKS
April 23 Borrowed l4o minutes (30 
to irrigate onions; 240 
land
litres/sec); 30 minutes 
minutes to flood cotton
April 30 30 minutes for onions
May 7 33 minutes for onions
May 14 28 minutes for onions
May 21 Borrowed 109 minutes; 35 
205 minutes for cotton
minutes for onions,
May 28 34 minutes for onions
June 4 30 minutes for onions; 101 minutes for cotton
June 11 32 minutes for onions
June 18 30 minutes for onions; 101 minutes for cotton
June 25 37 minutes for onions; 94 minutes for cotton
July 2 131 minutes for cotton
July 9 131 minutes for cotton
July 16 131 minutes 
irrigation
for cotton; four basins left without
July 23 131 minutes for cotton
August 1 131 minutes for cotton
August 8 131 minutes for cotton
August 15 131 minutes 
irrigation
for cotton; five basins left without
August 22 131 minutes for cotton
August 29 131 minutes for cotton
a Field Water Allotment 33-i- minutes (30 litres/sec.)
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Appendix ’C 1 
The Complete Matrix and Results
This appendix is in two sections. The first gives a
list of the activities and constraints separately for the
1CS models and farmer sub-set model to be followed by the 
2complete matrix of the CS models. The listing of activities 
does not follow the same order of the matrix. However, for 
each listed crop we note the page number on which it appears 
in the matrix. Similarly, for constraints their corresponding 
serial numbers in the matrix are noted.
The second section reports the solutions. The serial 
number of the production activities corresponds with the 
listing as given in section one. The main assumptions 
underlying any of the solutions can be checked by reference 
to our branching flow charts in Chapter Four i.e. Flow Charts 
2 and 3 for the results of CS and flow chart k for the 
Sub-sets models.
1. The listing of the sub-set models will only note the 
activities that were specified differently frotn those of 
the CS.
2, The matrix does not include six of the activities considered 
in the largest version of the model (buying and selling of 
barley, vetch and straw) and the required three constraints
to act as balances. However, matrix 1 (Chapter Four)’ shows 
their formulations in relation to the complete matrix.
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CASE STUDY MODELS
PRODUCTION ACTIVITIES
Matrix
Code in Matrix Basin Cotton (CT) page
P., N.F1 ,¥o : Normal sowing - Fertilizer level 1 - 338
weed 2 period 8
PQ N.F.. *Wq : Normal Sowing - Fertilizer level 1 - 338
^ weed 2 period 9
P,, L.F_*Win : Late sowing - Fertilizer level 1 - 338
^ weed 2 period 10
N.F^.Pg : Normal sowing - Fertilizer level 1 ~ 338
sow period 3 ? weed 2 period 9
P~ N.F^.SPW : Normal sowing - Fertiliser level 1 - 338
Sow period 5, weed 2 period 10
P,- N^Fg.Wo : Normal sowing - Fertiliser level 2 - 338
weed 2 period 8
P_ N.Fp.Wg : Normal sowing - Fertiliser level 2 - 338
weed 2 period 9
Po L#Fn.¥ : Late sowing - Fertiliser level 2 - 338
O  £* X U  *1 * i *1 f*\weed 2 period 10
P_ N.F^.P.Wq : Normal sowing - Fertiliser level 2 - 338
sow period 3 , weed 2 period 9
N.F0.W^q : Normal sowing ™ Fertiliser level 2 - 338
^ sow period 5, weed 2 period 10
P_ - N,F , ¥ n  : Normal sowing ™ Fertilizer level 3 - 339
weed 2 period 8
P-p N,F_.¥_ : Normal sowing - Fertilizer level 3 " 339
weed 2 period 9
P„7 L,F ,¥» : Late sowing - Fertilizer level 3 " 339
J  ^ J weed 1 period 9
^l4 N.F_.P.¥_ : Normal sowing » Fertilizer level 3 - 339
sow period 5 ? weed 2 period 9
N.F^.W^q ; Normal sowing - Fertilizer level 3 - 339
J sow period 5 , weed 2 period 10
P^£ L.F^PWD : Late sowing - Fertilizer level 1 - 339
sow period 7 ? weed 1 period 10
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Code in Matrix
P17 L,F2.PV7D:
Pl8 L.F^PWD
Basin Cotton (CT)
Late sowing - Fertiliser level 2 
sow period 7 j weed 1 period 10
Late sowing - Fertiliser level 3 
sow period 7 i weed 1 period 10
Matrix
page
539
339
Cumin (CU)
19
21
22
N -TH±0
P N . TH20 1 * 11
N.TH12
L.TH10
L.TH11
P24 L 'TH12
Normal sowing
period 10
Normal sowing
period 11
Normal Sowing
period 12
Thresh and Winnow
Thresh and Winnow
Thresh and Winnow
Late sowing - Thresh and Winnow 
period 10
Late sowing - Thresh and Winnow 
period 11
Late sowing - Thresh and Winnow 
period 12
339,
339
340 
340 
340 
340
25
’26
HH
IPH
Onions (ON.) 
Dig with spade 
Dig with iron plough
340
340
P27 po*s’THio
P28 F0*b,TH12
p29 V H 
P30 F1 ,S,TH10
P„_ F_ , S. TH_ _
JL 1^
Italian wheat (I)
No fertiliser - sickle harvesting - 340
thresh and winnow period 10
No fertiliser - Sickle harvesting - 340
thresh and winnow jjer iod 12
No fertiliser - Harvester 340
Fertiliser level 1 - sickle harvesting -340 
Thresh and winnow" Period 10
Fertiliser level 1 - sickle harvesting -341 
Thresh and winnow period 12
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Code in Matrix Italian wheat (I) Matrix
P32 : Fertilizer level 1 - Harvester 341
F^.S.TH^q ; Fertilizer level 2 - sickle harvesting - 341
Thresh and winnow period 10
Ff-j.S.Tlhp : Fertiliser level 2 - sickle harvesting - 341
 ^ “ Thresh and winnow period 12
^35 ^2*^ : Fertiliser level 2 - Harvester 341
F„,S.TH^q : Fertiliser level 3 - sickle harvesting - 341
Thresh and winnow period 10
P^7 F^.S.TH-p : Fertiliser level 3 ~ sickle harvesting - 341
Jj  ^ Thresh and winnow period 12
P„o F„.I1 : Fertilizer level 3 “ Harvester 3413d p
Hamari Wheat (H)
P„ „ H^-.TFk^ : Harvest period 6 - Thresh and winnow '3413) o lo . , tperiod 10
P/lo H_*TI-Iin : Harvest period 7 " Thresh and winnow 341
period 10
P ^  Hg#TH^p : Harvest period 6 - Thresh and winnow 342
period 12
342
Pi,0 H„,TIk0 : Harvest period 7 ~ Thresh and winnow12 7 i2 . J i nperiod 12
Barley (BA)
P T H ^ q : Thresh and winnow period 10 342
^44 TH^i : Thresh and winnow period 11 342
Vetch (VE)
P/j.rj ^ i o  : Thresh and Winnow period 10 342
P^G TH^i : Thresh and winnow period 11 342
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Code in Matrix Lentils (LE) Matri:
page
P%7
THAU10 * Thresh and winnow period 10
342
p48 TH1X • Thresh and winnow period 11 
Broad Beans (BB)
342
p49 Hg.THio
Harvest period 5 - Thresh period 10 350
P 50 H6-TH10 Harvest period 6 - Thresh period 10 351
P
51 5 11
Harvest period 5 - Thresh period 11 351
P52 Hg.THu Harvest period 6 - Thresh period 
Sugar Beet (SUB)
11 351
P53
N.Wg : Normal sowing - weed 1 period 6 
weed 2 period 9
356
P54 N.W^.N * Normal sowing - weed 1 period 7 weed 2 period 10
- 356
p L Sow late period 4- ~ weed 1 x;>eriod y 356
P5S L2
Sow late period 4 ~ weed 1 period 8 356
B57
E Early
Furrow Cotton (F.CT)
p58 Ni Sow period 4 - weed 1 period 7
356
P59 N 2
Sow period 5 - weed 1 period 7 356
p6o L1 Sow late period 6 356
p6l ■^ 2 Sow late period 7 
Okra (OK)
356
p62 n.w4.w6 i Normal sowing - weed 1 period 4 weed 2 period 6
- 351
P63
N.Wr,W_ 
5 7
; Normal sowing - weed 1 period 5 
weed 2 period 7
351
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Code in Matrix Okra (OK) Matrix
P/-/, N.W-.Wo : Normal sowing - weed 1 period 7 - 551
weed 2 period 8
P/-t_ L.W q .W-* : Late sowing - weed 1 period 8 - 351
weed 2 period 10
P/-£ L.W q .W - : Late sowing - weed 1 period 9 - 351
weed 2 period 10
Tomatoes ( T O )
Pg_ N.W_.W^‘ : Normal sowing - weed 1 period 3 - 351
weed 2 period 4
P^g N.W^*W_ : Normal sowing - weed 1 period 4 - 351
weed 2 period 5
Pgg L «P • W^ : Late sowing (period 3) *~ 352
weed 1 period 4
P_^ L.P^.W^ ; Late sowing (period 5) - 352
weed 1 period 5
P__ L.P^.W- : Late sowing (period 3) - weed 1 • 352
period 5
P _2 B.4 .W_ : Late sowing (period 4) - weed 1 3 52
* period 7
Cucumber (CUC)
P y j  Cucumber : 352
Squash (SQ)
N - Normal sowing - 352
P^ t- L - Late sowing 352
Other Activities
P 7g Alfalfa . 357
FR. Cow - Friesian cow 357
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TRANSFER ACTIVITIES
Code in Matrix Family Labour Transfers
P 7 g  T L . M A Y 1 . B H
P79 TL.MAY1.0L
Pg0 TL.MAYI.W
P8l TL.MAY2.CU
Pg2 TL.MAY2.0L
Pg5 TL.MAY2.LE
PgZl TL.MAY2.W
Pg5 TL.MAY3.W
Pgg TL.MAY3.OL
Pg7 TL.MAY3.CU
P88 TL.JU1.W
Pg^ TL.JUl.OL
P90 TL * JU3
P91 TL.JU3.OL
P92 TL.JUL1.W
P n,7 TL.JULl.OL 93
P ^  TL.AUG.W
Transfer family labour in period 5 
to harvest barley
Transfer family labour 
for other work
Transfer family labour 
to weed
Transfer family labour 
to harvest cumin
Transfer family labour 
other labour
Transfer family labour 
harvest lentils
Transfer family labour 
weed
in period 5 
in period 3 
in period 6 
in period 6 for 
in period 6 to 
in period 6 to
Transfer family labour in period 7 
to weed
Transfer family labour 
for other work
Transfer family labour 
to harvest cumin
Transfer family labour 
to weed
Transfer family labour 
for other work
Transfer family labour 
to weed
■Transfer family labour 
for other work
Transfer family labour 
to weed
Transfer fami3.y labour 
for other work
Transfer family labour 
to weed
in period 7 
in period 7 
in period 8 
in period 8 
in period 10 
in period 10 
in period 11 
in period 11 
in period 13
Ma tr ix 
page
342
342 
354
343 
343 
34-3 
354 
343 
343 
343 
343
343
343
343
344 
344 
344
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Code in Matrix
Pnc TL.AUG.OMH 
95
Pg6 TL.AUG.OL 
Pnr7 TL .MARI .W
y /
PnQ TL.MARl.OLyo
Pg9 TL.MAR2 .W
P100 TL.MAR2.0L
P101 TL.APR1.W
P1Q2 TL.APR1.0L
?105 TL.APR2.W
P104 TL.APR2.0L
P-AC TL.JUL2.tf 105
Plo6 TL.JUL2.0L
Family Labour Transfers Matrix
Page
Transfer family labour in period 13 ^44
to harvest onions
Transfer family labour in period 13 544
for other work
Transfer family labour in period 1 554
to weed
Transfer family labour in period 1 555
for other work
Transfer family labour in period 2 554
to weed
Transfer family labour in period 2 354
for other work
Transfer family labour in period 3 ^54
to weed
Transfer family labour in period 3 354
for other work
Transfer family labour in period 4 554
to weed
Transfer family labour in period 4 554
for other work
Transfer family labour in period 13 555
to weed
Transfer family labour in period 13 355
for other work
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Code in Matrix transfer Circulating Capital Matrix
p107 TC.NO.FE
: Transfer 
February
Capital from November to 344
p108 TC.FE.MAR : Transfer March
Capital f r om February to 344
P
109
TC.MAR.AP : Transfer Capital from March to April 344
P
.110 TC.AP.MAY : Transfer Capital from April to May 544
p
x I B TC.MAY.JU : Transfer CajDital from May to June 544
P112 TC.JU.JUL : Transfer Capital fr om June to July 345
P
113
TC.JUL.AU : Transfer Capital from July to August 545
p
114
TC.AU.SEP : Transfer Capital 
September
from August to .545
p
115 TC.SEP.OC : Transfer October
Capital from September to 545
PH 6 T.Land
PH 7 HL.MARl.W
P118 HL.MAR2.W
P119 HL.APItl.W
P120 HL.APR2.0L
p
121 HL.MAY1.BH
*P
122 HL.MAY1.0L
P
123 HL .MAY2.CU
P124 HL.MAY2.0L
P125 HL.MAY2,LE
P126 HL.IAY3.W
P127 HL.MAY3.0L
P128 HL.MAY3.CU
P129 HL.JUNl.W
P
130
HL.JUN1.0L
Other Transfers 
Transfer land
Hire in Labour (HI.)
m 9
Period 1 to weed 346
Period 2 to weed 346
Period 3 to weed 346
Period 4 to perform other work 346
Period 5 to harvest ■barley- 346
Period 5 to perforin other work 346
Period 6 to harves t cumin 346
Period 6 to perform other work 347
Period 6 to harvest lentils 347
Period 7 to weed 347
Period 7 to perform other work 347
Period 7 to harvest cumin 347
Period 8 to weed 347
Period 8 to perform other work 347
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Code in Matrix Hire in Labour (HL.) Matri:
Page
P131
HL. JUN2 .W : Period 9 to weed 347
pi32 HL.JUN3 .¥ : Period
10 to weed 347
P133
HL.JUH3.0L : Period 10 to perform other work 347
P134 HL.JUL1.W
: Period 11 to weed 348
P135 HL.JUL1.0L : Period 11 to perform other work
348
P136 HL.JUL2,¥ : Period 12 to weed
348
P13T
HL.AUG.W : Period 13 to weed 348'
p138 HL.AUG.OH : Period 13 to harvest onions
348
P139 HL.AUG.OL : Period 13 to perform other work
348
P140 HL.MARl.OL : Period 1 to pex’form other work 355
P141 HL.MAR2.OL : Period 2 to perform other work 355
p142 HL.APR1♦OL : Period 3 to perform other work 355
P143 HL.APR2.W : Period 4 to weed
355
p144 HL.MAY1.W : Period 5 to weed 355
P14.5
HL.MAY2.¥ : Period 6 to weed 385
P146 HL.JUL2.0L : Period 12 to perform other work 355
P147 HL.SEP. : Period 14 to perform work
355
Borrowing
P14b B.WAT.IR1 : Borrow water in irrigation 1>. 345
P
34-9
B.WAT.IR2 : Borrow water in irrigation 2 345
P150 B.WAT.IR3 : Borrow water in irrigation 5
345
P15l
B*WAT.IR6 : Borrow water in irrigation 6 345
P152
B.WAT.IR8 : Borrow water in irrigation 8 345
P153
B .WAT.IR10 : Borrow water in irrigation 10 346
P154
B.WAT.IR15 : Borrow water in irrigation 15 346
P
155
B.¥AT.IR16 : Borrow water in irrigation 16 346
P156 BR.CAP i Borrow capital from Agricultural Bank 348
p
157
BR.CAP1 : Borrow capital from Agent 348
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Code in Matrix Borrowing Matrix
Page
P158 BR.CAP2 : Borrow capital from Agent 348
Pl59 BR.CAP3 : Borrow capital from Agent 349
P16Q BR.CAP4 : Borrow capital from Agent 349
Pl6X BR.CAP5 : Borrow capital from Agent 349
Pl62 BR.CAP6 : Borrow capital from Agent 349
Pl63 BR.CAP7
: Borrow capital from Agent 349
Pl64 BR.CAP8 : Borrow capital from Agent 349
P165 BR.CAP9
: Borrow capital from Agent 349
P166 LEM. CAP : Lend capital 349
Hire out Family Labour
Pl67 HS.APR2 : Male labour in period 4 350
Pies HS.MAY1 : Male labour in period 5 350
Pl69 HS.MAY2 : Male labour in period 6 350
?170 HS.MAY3 : Male labour in period 7 350
P HS.JUN1 : Male labour in period 8 350
P1?2 HF.MAI3 : Pemale labour in period 7 350
PnrT„ HF.JUN1 
1/3
: Pemale labour in period 8 350
Pir7. HF.JUN2 
174
: Pemale labour in period 9 350
P1I7_ HP. JTJN3 
175
: Pemale labour in period 10 350
Selling
SELL. OK 1
17o
: Sell Okra (LS 0.52/kg.) 352
Pl77 SELL.0K2 : Sell Okra (IS 0.37/kg.) 352
Pl78 SELL • 0IC3 : Sell Okra (LS 0.34/kg.) 352
Pl 7 9  SELL * 0K4 : Sell Okra (LS'0.53/kg.) 353
Pl8£) SELL.T01 : Sell tomatoes (l£ 0.22/kg.) 353
P181 SELL-T02 : Sell tomatoes (LS 0.14/kg.) 353
P182 SELL*T°3 : Sell tomatoes (LS 0.16/kg.) 353
?1Q3 SELL.T04 : Sell tomatoes (LS O.^/kg.) 353
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Code in Matrix
P194 BU'WATER
Selling
Buying 
Buy water
Matrix
Page
Pia4 SELL.CUC ; Sell cucumber 553
P185 SELL.SQ1 : Sell squash (LS 0.19/kg.) 353
P186 SELL.SQ2 : Sell squash (LS 0.22/kg.) 353
P1Q7 SELL.S^3 : Sell squash (LS 0.22/kg.) 3!?3
P1Q8 SELL.SQ4 : Sell squash (LS 0.27/kg.) 353
P189 SELL.SQ5 : Sell squash (LS 0.5/kg.) 354
Pig0 SELL .MLKl : Sell milk (LS 0.5/kg.) 357
P191 SELL .MLK2 : Sell milk (LS 0,4/kg.) 357
P192 SELL*CAL : Sell calf 357
Pig5 SELL .WAT : Sell water 348
345
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CONSTRAINS
Code in Matrix Labour Periods & Sub Periods Serial No,
P500 MAR. LABI : Period 1 (March 1-12) 2
P301 MAR.LAB2 : Period 2 (March 13 - 3l) 3
P5Q2 APR.LABI : Period 3 (April 1-15) 4
P APR.LAB2 : Period 4 (April 16 - 30) 5
303
P MY* LABI i Period 5 (May 1 - 7 ) 6
304
P305 MAI.LABIA : Sub-period A in period 5 7
P306 MAY.LAB IB : Sub-period B in period 5 8
P5Q7 MAY.LAB2 : Period 6 (May 8 - 16) 9
P308 MAI.LAB2A : Sub-period A in period 6 10
P50g MY.LAB2B : Sub-period B in period 6 11
?510 MAY.LAB2C : Sub-period C in period 6 12
P311 MAY*LAB3 : Period 7 (May 17 - 30) 13
P^12 MAY.LAB3A : Sub-period A in period 7 14
P513 MAY.LAB3B; : Sub-period B in period 7 15
P514 IAY.LAB3C : Sub-period C in period 7 16
P515 JUN.LABI : Period 8 (June 1 - 7 ) 17
P316 : Sub-period A in period 8 18
P517 JUN.LAB IB : Sub-period B in period 8 19
P518 JUN.LAB2 : Period 9 (June 8 - 16) 20
P319 JIIN*I,AB5 : Period 10 (June 17 - 30) 21
P52o JUN.LAB3A : Sub-period A in period 10 22
P321 JtJI*LAB5B : Sub-period B in period 10 23
P^22 JUL.LABI : Period 11 (July 1-15) 24
P^23 JUL.LABIA : Sub-period A in period 11 25
P?24 JUL.LAB1B : Sub-period B in period 11 26
P525 JUL.LAB2 : Period 12 (July 16 - 31) 27
P326 AU£J*LAB1 : Period 13 (August) 28
P327 AB0. LABIA : Sub-period A in period 13 29
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Code in Matrix Labour Periods & Sub-Periods Serial No.
P328 AUG.LAB1B : Sub-period B in period 13 30
P32(9
AUG.LAB1C : Sub-period C in period 13 31
P550 MAR.LABIA : Sub-period A in period 1 64
P
551
JUL.LAB2A : Sub-period A in period 12 65
P332
JUL.LAB2B : Sub-period B in period 12 66
P333 MAR.LAB2A
: Sub-period A in period 2 112
P334
MAR.LAB2B : Sub-period B in period 2 133
P335 APR.LABIA
: Sub-period A in period 3 114
P336 APR:.LAB1B : Sub-period B in period 3 115
^ 337 APR.LAB2A : Sub-period A in period 4 116
P338 APR.LAB2B i Sub-period B in period 4 117
P339 IAI.LAB1C
: Sub-period C in period 5 118
P340 MAY.LAB2B : Sub-period D in period 6 119
P34l
SEP.LABI : Period 14 (September) 120
P
•342 MAR.LAB1B : Sub-period B in period 1 121
P,.„ NO.DE.CA 
343
: From November to December 32
P„,, JA.FE.CA 344
: From January to February 33
P345 MAR.CAP : March .34
*346 APR'CAP : April 35
?547 MAY. CAP : May 36
P348 JTO-CAP. : June 37
P549 JUL.CAP : July 38
P350 AUG.CAP : August 39
P,K- SEP.CAP 351
: September 40
P352 0CT*CAP : October 41
Water Periods
P353 IRR.l ; April 2 42
P354 IRR.2 : April 23 43
Code Jja. Matrix
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Water Periods Serial Ho,
p
355 IRR.3
: April 30 44
p356 IRR.4 : May 7 45
P357 IRR.5
: May 14 46
P IRR.6 : May 21 47
358
P359 IRR.7
: May 28 48
P360 IRR.8 : June 4 49
P36l IRR.9 : June 11 50
p362 IRR.10 : June 18 51
P363 IRR.ll i June 25 52
P364
IRR.12 : July 16 53
p365 IRE.13 : July 23 54
P3S6 IRR.14 : Augus t 1 55
p367 IRE*15 : Augus t 8 56
P368 IRR.16 : August 15 57
P369 TOT.LARD
Land and Rotational Bounds 
: Total Land 58
P370 WIN.LAND : Land for winter crops 59
P
371 SUM.LARD
: Land for summer crops 60
P372 CER.LAND : Rotational bound :on cereals 61
P373
BAR .LARD : Rotational bound on barley 62
p374
PUL.LARD : Rotational bound on pulses 63
P375 MAX.LH -Ml
Upper Bounds 
: On hire in labour in period 5 85
P376 MAX.LH .M2 : On hire in labour in period 6 86
P
377
MAX.LH J1 : On hire in labour in period 7 87
P
378 MAX.LH J2 : On hire in labour in period 8 88
P
379
MAX .HSA2 : On hire out male labour in period 4 89
p
*380 MAX.HSMI . : On hire out male labour in period 5 90
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Code in Matrix Upper Bounds Serial Wo.
P
^381
MAX.HSM2 : On hire out male labour in period 6 91
P*382 MAX.HSM3 : On hire out male labour in period 7 92
p
383 MAX.HSJ1 : On hire out male labour in period 8 93
P384 m a x , m m
: On hire out female labour in period 7 94
P385 IAX.HFJ1 : On hire out female labour in period 8 95
P386 MAX.HFJ2 : On hire out female labour in period 9 96
P
387 MAX.HFJ3 : On hire out female labour in period 10 97
p 1 
388 BOR.WAT1 : On water borrowing in periods 1, 2,3 and 6 67
p389
BOR .WAT2 : On water borrowing in period 8 68
P390 B0R.WAT3 : On water borrowing in period 10 69
P391 B0R.WAT4 : On water borrowing in period 15 70
P
392 BOR.WAT5 : On water borrowing in period 16 71
P393 B0R.CAP1 : On borrowing capital from the agent 72
P394
B0R.CAP2 : On borrowing capital from the agent 73
P395 B0R.CAP3 : On boi’rowing capital from the agent 74
P396 B0R.CAP4 : On borrowing capital from the agent 75
P
397 B0R.CAP5
: On borrowing capital from the agent 76
P398 B0R.CAP6 : On borrowing capital from the agent 77
P399 B0R.CAP7
: On borrowing capital from the agent 78
P400 B0R.CAP8 : On borrowing capital from the agent 79
P401 B0R.CAP9 : On borrowing capital from the agent 80
P402 MAX.CAP : On total capital borrowing 81
P403 MAX.VEGT : On area under vegetables 82
PA04 MAX.WAT : On hiring water 83
In some versions of the models an upper bound was specified separately 
for each period.
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Cede in Matrix Balances Serial
P.nt- DOUB.CRO 
40p
: For double cropping 84
P^o6 OKRA1 : For first selling of okra 98
p407 omA2 : For second selling of Okra 99
P408 OKRA3 : For third selling of okra 100
P4og CJKEA4 : For fourth selling of okra 101
P410 : For first selling of tomatoes 102
P4H  *01.2 ! For second selling of tomatoes 105
P412 *01.3 : For third selling of tomatoes 104
P413 T0M.4 : For fourth selling of tomatoes 105
p414 arc. : For selling cucumber 106
P415 SQUA.l : For first selling of squash 107
P4 l6  SQTJA.2 : For second selling of squash 108
P41? SQUA.3 : For third selling of squash 109
P4 i8  SQUA.4 : For fourth selling of squash 110
P4ig SQUA.5 : For fifth selling of squash 111
P420 COW.MILK1 : For first selling of milk 122
P421 C0W.MILK2 : For second selling of milk 123
?422 CAL.DUN : For selling calf and manure 124
P425 BAL.AX.P i For providing alfalfa to cow 125
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SUB-SETS MODELS
PRODUCTION ACTIVITIES
Basin Cotton (ct)
P,
10
11
12
”13
14
?15
16
17
18
19
*20
N.FO .¥8 
N.FO .¥9 
N.FO.SFN
L.F0.N10
L.FO.PWD
N.F.N8
N.F.W9
N.F.SPW
L .F .¥10 
L.F.PUD
N.F1.N8
N.F1.W9
N.F1.SPW
L.F1.W10 
L. FI. PUD
N.F2.N8
N.F2.W9
N.F2.SPW
Ii.F2.W10
L.F2.FWD
P21 -  P22
P23 - P28
Normal lowing
Normal sowing
Normal sowing 
period 10
“ No fertiliser - weed 2 period 8
- No fertilizer - weed 2 period 9
- No fertilizer - sow period 5, weed 2
Late sowing - No fertilizer - weed 2 period 10
No fertilizer - sow period 7» weed 1Late sowing - 
period 10
Normal sowing
Normal sowing
Normal sowing 
weed 2 period
- Half a ton of manure - weed 2 period 8
- Half a ton of manure - weed 2 period 9
- Half a ton of manure - sow period 5,
10
Late sowing - Half a ton of manure - weed 2 period 10
Late sowing - 
weed 1 period
Normal sowing
Normal sowing
Normal sowing 
weed 2 period
Half a ton of manure - sow period 7»
10
- One ton of soft manure - weed 2 period 8
- One ton of soft manure - weed 2 period 9
- One ton of soft manure - sow period 5,
10
Late sowing - One ton of soft manure - weed 2 period 10
Late sowing - 
weed 1 period
Normal sowing
Normal sowing
Normal sowing 
weed 2 period
One ton of soft manure - sow period 7»
10
- One ton of coarse manure — weed 2 period 8
- One ton of coarse manure - weed 2 period 9
- One ton of coarse manure - sow period 5,
10
Late sowing - One ton of coarse manure - weed 2 period 10
Late sowing - 
weed 1 period
One ton of coarse manure - sow period 7» 
10
Onions (Ol)
Specification exactly as for the CS models
Cumin (CU)
Specification exactly as for the CS models
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P20 - P40
P41 - P44
P45
H5TH10
p46 H5TH11
P47
H6TH10
p48 H6TH11
P
49
H5TH10
P H5TH12
P
51
H6TH10
P32 H6TH12
P53
H5TH10
P54 H5TH11
P55
H6TH10
P56 H6TH11
Italian Wheat lii 
Specification exactly as for the CS models
Hamari Wheat (h )
Specification exactly as for the CS models
Harvest period 5 - Thresh and winnow period 10
Harvest period 5 - Thresh and winnow period 11
Harvest period 6 - Thresh and winnow period 10
Harvest period 6 - Thresh and winnow period 11
Vetch (VS)
Harvest period 5 - Thresh and winnow period 10
Harvest period 5 - Thresh and winnow period 12
Harvest period 6 - Thresh and winnow period 10
Harvest period 6 - Thresh and winnow period 12
Lentils (LS) 
Harvest period 5 Thresh and winnow period 10
Harvest period 5 - Thresh and winnow period 11
Harvest period 6 - Thresh and winnow period 10
Harvest period 6 — Thresh and winnow period 11
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